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Limited Funds And Numerous Deficient 
C)ff -System Bridges Create Federal Bridge 
Program Dilemma 
The majority of the Nation’s 252,000 deficient bridges is off 
the Federal-aid highway system. These bridges, generally 
located in rural areas with low volumes of traffic, are 
usually the responsibility of local governments, and bil- 
lions of dollars will be required to replace or rehabilitate 
them. Federal assistance is increasing, but the number of 
deficient bridges is also increasing. As a result, a dilemma 
is how to best use limited funds to address this sizable 
bridge problem. 

GAO found that off-system bridge replacement costs vary 
by thousands of dollars depending on which state a given 
bridge is in, who pays for its replacement, and who makes 
the design and construction decisions. The cost differ- 
ences largely relate to the standards that the bridges are 
built to and willingness to use less costly designs and 
construction techniques. 

GAO believes that economy is essential if progress is to be 
made in dealing with the off-system bridge problem, but 
the emphasis on economy must be tempered with the need 
to ensure that safety and long-range cost are not unduly 
compromised. GAO is recommending that the Federal 

b” 
ighway Administration, in administering the Federal 

P 
ridge program, provide policy guidance on off-system 
ridge standards, balancing economy, safety, and long- 

range costs. 
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UNITED STATES GENERAL ACCOUNTING OFFICE 
WASHINGTON, O.C. 2064R 

RESOURCES. COMMUNITY. 
AND ECONOMIC DEVELOPMENT 

DIVISION 

B-212424 

The Honorable Elizabeth Hanford Dole 
The Secretary of Transportation 

Dear Madam Secretary: 

This report discusses how Federal assistance for bridges 
off the Federal-aid highway system can more effectively address 
the sizable off-system bridge problem. It contains recommenda- 
tions to you on pages 20 and 56. As you know, 31 U.S.C. S720 
requires the head of a Federal agency to submit a written state- 
ment on actions taken on our recommendations to the Senate Com- 
mittee on Governmental Affairs and the House Committee on 
Government Operations not later than 60 days after the date of 
the report and to the House and Senate Committees on Appropria- 
tions with the agency's first request for appropriations made 
more than 60 days after the date of the report. 

We are sending copies of this report to the Director, 
Office of Management and Budget; appropriate Senate and House 
Committees; and other interested parties. In addition, we are 
sending copies to the Administrator, Federal Highway Administra- 
tion. 

Sincerely yours 
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GENERAL ACCOUNTING OFFICE 
REPORT TO THE SECRETARY 
OF TRANSPORTATION 

DIGEST ------ . 
The Federal bridge 
the States to help 
deficient bridges. 

LIMITED FUNDS AND NUMEROUS 
DEFICIENT OFF-SYSTEM BRIDGES 
CREATE FEDERAL BRIDGE 
PROGRAM DILEMMA 

program provides funds to 
replace or rehabilitate 

The bridge problem is 
especially acute for those bridges off the 
Federal-aid system (off-system bridges). 
According to the Federal Highway AdministraA 
tion, 73 percent, or 183,000, of all deficient 
bridges are located off system. Recognition 
of the seriousness of the problem with off- 
system bridges is evidenced by 1978 legisla- 
tion which made off-system bridges eligible 
for Federal funding under the bridge program 
and requires that from 15 to 35 percent of the 
funds apportioned to the States be used for 
off-system bridges. 

As of September 1983, the States had obligated 
about $3.7 billion of the $4.5 billion of fis- 
cal year 1979-83 bridge program funds appor- 
tioned to them. Over $700 million, or about 
19 percent, of total obligated funds was for 
off-system bridges. This amount for off- 
system bridges will continue to grow as over- 
all program funding was increased from the . 
$4.2 billion for fiscal years 1979-82 to 
slightly over $7 billion for fiscal years 
1983-86. 

GAO's review was designed to provide informa- 
tion on the effectiveness with which available 
program funds were utilized to deal with the 
off-system bridge problem. GAO performed its 
detailed review in four states having a ,high 
percentage of deficient off-system bridges. 
For a broader perspective, it also obtained 
data from several other states on particular 
aspects of the bridge program. (See pp. l-4, 
7, 8, and 11.) 

LIMITED PROGRESS CREATES A PROGRAM DILEMMA 

In spite of the substantial increases in. 
funding, the program is still severely 
strained by the magnitude of the bridge 
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problem. According to Federal Highway Admin- 
istration data, it would cost $22.2 billion to 
replace or rehabilitate off-system bridges 
that are currently deficient, to say nothing 
of costs resulting from further deterioration. 

During the first 5 years of program assistance 
for off-system bridges, an average of about 
1,000 bridges per year had been or were in the 
process of being replaced or rehabilitated 
under the program. Although noteworthy, this 
number is small in comparison to the 183,000 
bridges that are currently deficient and the 
other bridges that continue to age and will 
need replacing in the future. (See pp. 8 and 
11.) 

As a result, a basic dilemma that confronts 
the program is how to replace or rehabilitate 
as many deficient off-system bridges as pos- 
sible with the limited funds available. GAO 
found that the costs to replace a given off- 
system bridge can vary by thousands of dol- 
lars, depending on which state the bridge is 
in, who is paying for its replacement, and who 
makes the decisions on its design and con- 
struction. Some of these cost differences are 
due to varying climate, terrain, etc. How- 
ever, differing policies at the local, State, 
and Federal levels are also major factors. 

In this regard, Federal, State, and local 
officials often disagree on the level of funds 
that should be committed to replace or reha- 
bilitate an off-system bridge. Local govern- 
ments using their own funds tend to build 
bridges that cost much less than bridges built 
by State highway departments. The States also 
differ in the cost of the bridges that they 
build. (See pp. pp. 16-17, and 37-38.) 

VARYING STANDARDS AFFECT COSTLINESS 

A major reason for these cost differences is 
the varying standards that the bridges are 
built to. The Federal Highway Administration 
has delegated much of the responsibility for 
the choice of design and construction of off- 
system bridges to the States through agree- 
ments usually called Secondary Road Plans. 
Federal Highway's responsibility is largely 
restricted to an oversight role and, as a re- 
sult, the States have been given a great deal 
of latitude to shape their own programs. 
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The standards which the States use for Off- 
system bridges are those approved by the 
individual Federal Highway division offices. 
These standards are generally minimum ones 
based on national standards or guides devel- 
oped by the American Association of State 
Highway and Transportation Officials. The 
States can build to higher standards but must 
obtain exceptions from the division offices to 
build below the minimum standards. (See pp. 
12-13, and 43-46.) 

The States are taking different approaches to 
addressing the off-system bridge problem by 
applying the standards differently when 
replacing or rehabilitating these bridges. 
New Hampshire, for example, rarely requests 
exceptions to the minimum standards and gener- 
ally builds bridges that State officials be- 
lieve can last longer than the 50-year life 
that bridges are normally designed for. By 
contrast, Vermont builds more of a variety of 
bridges and, with the Federal Highway division 
office's approval, builds below the minimum 
standards where it believes lower standards 
are warranted. As a result, the States sub- 
stantially differ in their off-system bridge 
project costs and the number of deficient 
bridges replaced. Both believe that their 
approaches are the best strategy for dealing 
with the off-system bridge problem. (See pp* 
17, 44-46, and 58.) 

Federal Highway divisions also differ in their 
approaches. For example, the division in Ver- 
mont was approving the State's requests to 
build one-lane bridges on roads with low vol- 
umes of traffic. The division in Maine, how- 
ever, would not approve the State building 
one-lane bridges on some of its lightly 
traveled roads. (See p. 47.) 

LOCAL GOVERNMENT PREFERENCE FOR 
LESS COSTLY BRIDGES 

GAO found that local governments build less 
costly bridges with their own funds largely 
because they are more likely to build to local 
rather than national standards. In these 
cases, local governments believe their bridges 
are safe and satisfactory for local 
conditions. 
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GAO also found that this local emphasis on 
less costly bridges has clashed with State 
preferences for higher standards. Local offi- 
cials have expressed frustration regarding 
both the higher cost and longer delays 
involved in building bridges that they believe 
exceed their needs. For example, one State 
had proposed to replace a bridge at an esti- 
mated project cost of $644,000. The county, 
however, objected to the cost and is proposing 
a $240,000 bridge project. The major differ- 
ences are the bridge width and the amount of 
roadway approach that is to be improved. For 
example, the locally-proposed bridge would not 
be as wide as called for by the State's cur- 
rent standards for new bridges. However, it 
would be wider than the existing bridge, which 
is on a narrow road with a low volume of traf- 
fic and slow vehicle operating speeds. At the 
end of GAO's review, a final decision on the 
project had not been made. 

Local frustrations at times have been suffici- 
ently intense that local officials have fore- 
gone Federal or State funding, relying instead 
entirely on their own sources of funding. 
(See pp. 37-42.) 

LESS COSTLY ALTERNATIVES 
ARE AVAILABLE 

The States GAO reviewed do not have procedures 
to ensure that less costly alternatives avail- 
able for off-system bridges are identified and 
appropriately considered nor does Federal 
Highway generally review State decisions for 
off-system bridges. Instead, GAO found that 
State bridge engineers determine the type of 
bridge to build largely based on engineering/ 
professional judgment and personal prefer- 
ences. GAO did not find evidence that they 
sufficiently take such alternatives into ac- 
count when making their decisions. (See pp. 
12 and 16.) 

GAO identified various innovative materials 
and techniques that could reduce project 
costs, but their use is not widespread. In 
addition, several conventional designs, types 
of materials, and construction techniques 
which can affect costs are usually available. 
(See pp. 16 and 21.1 
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An example of a potential cost-saving innova- 
tion is the long-span metal culvert, a large 
pipe-like structure that can be used at some 
locations instead of a conventional bridge. 
Despite Federal Highway Administration ap- 
proval and successful use in some locations, 
some State bridge engineers do not fully con- 
sider such culverts. For example, one State 
bridge engineer had never used a long-span 
metal culvert. GAO identified three small 
projects in the State where use of these cul- 
verts could have saved over $500,000 in 
construction costs. (See pp. 21-27.) 

SAFETY AND LONG-RANGE COST CONSIDERATIONS 

One of the major considerations of State and 
local officials in replacing and rehabilita- 
ting off-system bridges is the safety of those 
who will use the bridges. A side issue facing 
these officials is the potential for lawsuits 
against them if an accident occurs on the 
bridges they build. In addition, these offi- 
cials are reluctant to build bridges that will 
require excessive maintenance and have a short 
life. Limited funding and the on-going need 
to replace deficient off-system bridges, how- 
ever, will intensify the debate concerning the 
standards for off-system bridge work and re- 
lated costs. For example, some States have 
recently reduced their standards for off- 
system bridge widths. (See pp. 34-35, and 
46.) 

GAO believes that a greater emphasis on econ- 
omy is needed to spread more widely the pro- 
gram's benefits to the thousands of deficient 
off-system bridges. However, it also believes 
this emphasis must be tempered with the need 
to ensure that safety and the bridge's life 
are not unduly compromised and long-range 
costs remain reasonable. Some Federal Highway 
and State officials, for example, are con- 
cerned that local governments build bridges to 
standards that are too low, and the bridges 
may not be as safe or last as long as they 
should. (See pp. 38 and 57.) 

CONCLUSIONS 

Given the magnitude of the off-system bridge 
problem and the limited funds available for 
addressing it, GAO concludes that less costly 
replacement and rehabilitation of deficient 



off-system bridges deserve greater attention 
at all levels of government if the bridge pro- 
gram is to make an inroad into solving the 
problem. Potentially less costly alternative 
designs and construction techniques such as 
GAO identified need to be considered for more 
general use, and the issue of lower versus 
higher standards for off-system bridges needs 
to be addressed at the policy level. The 
effort to achieve economy and spread program 
benefits must, of course, be tempered by the 
recognition of competing factors, especially 
the concern for safety and the control of 
long-term costs. The program needs to provide 
for as many bridges as possible that are safe 
and adequate, have a reasonable life, and do 
not require excessive maintenance. In view of 
the competing factors and different approaches 
Federal Highway, State, and local officials 
are taking, GAO believes that the Federal 
Highway Administration needs to provide fur- 
ther program direction in this regard without' 
unduly restricting the role of the States in 
the program. (See pp. 17-18, 35, and 55.) 

RECOMMENDATIONS 

GAO recommends that the Federal Highway Admin- 
istration provide policy guidance to its of- 
fices and the States on off-system bridge 
standards and the appropriate level of effort 
that should be directed to individual off- 
system bridges. The purpose of this guidance 
should be to provide for program funding of 
the largest number of off-system bridges, con- 
sistent with concerns for safety and longer- 
term costs. This guidance should also recog- 
nize the size of the bridge problem, the 
nature of off-system roads and traffic, and 
local needs. GAO also recommends that Federal 
Highway include a requirement in the Secondary 
Road Plans that the States build off-system 
bridges according to the guidance recommended 
above. (See pp. 20 and 56.) e 

AGENCY COMMENTS AND GAO EVALUATION 

The Department of Transportation (see app. I) 
stated that the Federal Highway Administration 
sees no need for additional detailed require- 
ments but will continue to cooperate with 
State and local governments and with other 
organizations to develop and disseminate 
information on new technologies. In addition, 
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Federal Highway is conducting a 2-year review 
of its monitoring effectiveness which it 
believes will result in significant changes in 
its policy, procedures, and operations. 
Federal Highway believes that the results of 
this review and its recent regional office 
reorganization will address GAO's recommenda- 
tion concerning the need for further guidance 
on off-system bridges. 

GAO continues to believe that the Federal 
Highway Administration needs to provide 
additional guidance to help solve the dilemma 
of limited funds and numerous deficient off- 
system bridges. GAO suggests that, at a mini- 
mun, the Federal Highway Administration, as a 
part of its review of monitoring effective- 
ness, consider carefully the findings in this 
report. (See PP. 18-19, 35-36, and 56-58.) 

STATE COMMENTS AND GAO EVALUATION 

The State transportation departments (see 
wps l 

II through v) told GAO that they do con- 
sider in the design of off-system bridges the 
initial costs, safety, service, and long-term 
maintenance costs, even though they may not 
have formal procedures or documentation in 
their files. They also referred to the many 
factors and difficulties in bridge design and 
the need to depend on qualified staff and good 
engineering judgment rather than procedures. 
New Hampshire State officials said that they 
share GAO's concern about the bridge problem 
and plan to review their approach to the off- 
system bridge problem with the Federal Highway 
Administration. 

GAO'S report recognizes that state officials 
are constantly reviewing bridge plans for ways 
to stretch the use of available funds and 
maximize both safety and service. GAO, how- 
ever, did not find evidence that the States 
fully identify and consider the various alter- 
natives available for off-system bridges. GAO 
recognizes the continuing value of qualified 
staff and good engineering judgment. However, 
it believes that more clearly defined proce- 
dures for identifying and considering alterna- 
tives would help ensure that the staffs consi- 
der the use of designs that are innovative as 
well as less costly. GAO further believes 
that New Hampshire's decision to review its 
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position on off-system bridges with Federal 
Highway will help clarify the issue of stand- 
ards for local bridges. This issue also af- 
fects the other states, and thus GAO antici- 
pates that the policy guidance which it 
recommends Federal Highway provide to the 
States would have widespread benefits. (See 
pp. 19-20, and 58-59.) 
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CHAPTER 1 

INTRODUCTION 

According to Federal Highway Administration (FHWA) data, 
about 45 percent, or over 250,000, of the Nation's 565,000 bridges 
are deficient. FHWA'S latest--December 1982--estimate is that it 
would cost almost $49 billion to replace or rehabilitate them, and 
the cost is increasing as additional bridges become deficient. 
Many bridges are old and have reached or are approaching the end 
of their design life. The threat to safety, the inconvenience, 
and the financial burden of deficient bridges have become concerns 
to the public and all levels of government. 

This report discusses the bridge problem and the Federal 
assistance provided for "off-system bridges," those bridges that 
are not part of the Federal-aid highway system. Over half of all 
bridges and nearly three out of every four deficient bridges are 
off-system. The total estimated replacement/rehabilitation cost 
is over $22 billion. Off-system roads are mostly the responsibil- 
ity of county, city, and other local governments with limited 
resources. Historically, these roads have generally not been eli- 
gible for Federal highway funds. In recent years, however, a por- 
tion of the Federal funds provided to the States specifically for 
bridge replacement and rehabilitation have been designated by law 
for off-system bridge work. 

THE FEDERAL BRIDGE PROGRAM 

At the beginning of the Federal-aid highway program, funds 
were made available to the States for Federal-aid system highways 
and bridges, with no general requirement that a certain amount of 
the funds had to be used solely for bridges. Then the Silver 
Bridge over the Ohio River between West Virginia and Ohio collap- 
sed in 1967, killing 46 people and focusing the Nation's and the 
Congress' attention on bridge conditions. The Congress estab- 
lished a legal requirement for periodic inspections to identify 
bridge conditions, maintenance needs, and safety problems and 
later provided funds to the States specifically to help replace 
unsafe bridges. The program was initially limited to bridges on 
the Federal-aid system where Federal highway assistance has‘gener- 
ally been directed. November 1978 legislation, however, substan- 
tially increased Federal funding for bridges and extended the 
assistance and inspection program to include off-system bridges. 

The Federal-Aid Highway Act of 1968 (Public Law 90-495, sec. 
:26, 82 Stat. 815) established the bridge inspection requirement. 
~The act required the Secretary of Transportation, in consultation 
!with State highway departments and other interested and knowledge- 
:able parties, to establish standards for inventorying and inspect- 
iing Federal-aid bridges. The States (including the District of 
'Columbia and Puerto Rico) were authorized to use Federal-aid 
'highway administration and planning funds for training, inventory, 
and inspection. 

1 



The Highway Safety Act of 1970 (Public Law 91-605, sec. 204, 
84 Stat. 1713) established the Special Bridge Replacement Program 
by authorizing $100 million for fiscal year 1972 and $150 million 
for fiscal year 1973 to supplement the States' efforts to replace 
unsafe bridges. The funds were to be appropriated out of the 
Highway Trust Fund, and the Federal share of each bridge replace- 
ment was limited to no more than 75 percent. Pederal-Aid highway 
legislation of 1973 and 1976 continued the bridge program by auth- 
orizing an additional $585 million from the trust fund for fiscal 
years 1974-78. 

The Surface Transportation Assistance Act of 1978 (Public Law 
95-599, sets. 124 and 202, 92 Stat. 2689) extended and expanded 
the Special Bridge Replacement Program to what is currently known 
as the'tlighway Bridge Replacement and Rehabilitation program. 
Rehabilitation' rather than complete replacement of unsafe 
bridges was now permitted and funding was greatly increased over 
previous authorizations. The $4.2 billion authorized for the 4 
fiscal years 1979-82 was about five times more than the $835 mil- 
lion authorized for the previous 7-year period. Also, the program 
was no longer limited to Federal-aid bridges over waterways and 
topographic barriers. It now also included bridges off the 
Federal-aid system and bridges over highways and railroads, and 
the Federal share of replacement/rehabilitation costs was in- 
creased to 80 percent. 

The Surface Transportation Assistance Act provided two cate- 
gories of funds. The first category was apportioned to the States 
based on their relative share of the estimated cost to replace or 
rehabilitate deficient bridges. The second category of funds-- 
$200 million of each year's authorization--was to be used for re- 
placing or rehabilitating bridges whose project costs are more 
than $10 million2 selected at the Secretary of Transportation's 
discretion. These funds have generally been used for Federal-aid 
system bridges. On the other hand, from 15 to 35 percent of the 
apportioned funds was to be used for off-system bridges. However, 
the Secretary of Transportation could reduce the 15-percent re- 
quirement if the Secretary determined that a State had insuffi- 
cient off-system needs to justify the requirement. 

The Surface Transportation Assistance Act of 1982 (Public Law 
97-424, 96 Stat. 2097) extended the bridge program through fiscal 
year 1986 and again substantially increased funding with authori- 
zations totaling $7.05 billion for the 4-year period. 

'The act defined rehabilitation to mean major work necessary to 
restore the structural integrity of a bridge as well as work to 
correct a major safety defect. 

2Public Law 96-106, dated November 9, 1979, amended the 1978 act 
to allow the discretionary funds to also be used for bridges 
whose project costs are less than $10 million but twice a State's 
annual apportionment. 
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Program administration and responsibilities 

The Secretary of Transportation has delegated administration 
of the bridge program to FHWA, which administers the program prin- 
cipally through a headquarters office (the Bridge Division in the 
Office of Engineering), 9 regional offices and 52 division offices 
with 1 in each State, the District of Columbia, and Puerto Rico. 
The division offices, each headed by an administrator and under 
the jurisdiction of the regional offices, are responsible for the 
day-to-day operations and monitoring of the program. 

Generally, the bridge program works as follows. The States 
and/or local governments are responsible for inspecting their 
bridges in accordance with the national bridge inspection stand- 
ards. Each State is further responsible for maintaining an accu- 
rate and current inventory and submitting specified inventory data 
(including inspection results) to FHWA for its computerized 
national bridge inventory. (For the purposes of inspection and 
the replacement/rehabilitation program, FHWA defines a "bridge" as 
those that are more than 20 feet long.) Based on the inventory 
data, FHWA submits to the States a listing of deficient bridges 
that are eligible for replacement and/or rehabilitation under the 
bridge program, and for their apportioned funds the States may 
select any bridge on the listing and apply for funding to the FHWA 
division offices. FHWA and the Secretary of Transportation select 
the bridges to be replaced or rehabilitated with discretionary 
funds from among those recommended by the States. The States 
agree to build or rehabilitate the selected bridges in accordance 
with certain national design and construction standards. FHWA's 
involvement in the design and construction of the bridges varies 
by factors such as the highway system the bridge is on, project 
cost, and agreements with the States whereby a State assumes cer- 
tain responsibilities of FHWA for design and construction. These 
matters are discussed in greater detail in chapter 3. 

OBJECTIVES, SCOPE, AND METHODOLOGY 

Our major review objectives were to assess the cost effec- 
tiveness of off-system bridge replacement and rehabilitation under 
the Federal bridge program and to identify ways to reduce costs 
and improve program effectiveness. Our purpose was not to make 
detailed cost evaluations of individual bridge projects but rather 
to examine cost effectiveness in the broader context of 

--the appropriateness of FHWA, State, and local philosophies, 
policies, and strategies for dealing with the bridge prob- 
lem, considering factors such as the nature and extent of 
the problem, the resources available to address it, and the 
type and volume of traffic on the bridges. 

--the adequacy of FHWA and State efforts, requirements, and 
procedures to ensure that the most cost-effective bridges 
are built. 

--the effective use of various opportunities to reduce costs 
and improve cost effectiveness. 
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Our review was made primarily at (1) FHWA headquarters in 
Washington, D.C., (2) its Regions 1 and 7 in Albany, New York, and 
Kansas City, Missouri, respectively, and (3) in the States of 
Iowa, Kansas, New Hampshire, and Vermont. We also briefly visited 
and obtained limited data from Arkansas, Massachusetts, New York, 
and Oklahoma. We also contacted numerous other FHWA, State, and 
local officials by telephone and/or mail. In the four States we 
reviewed in detail, we performed our work at the FHWA division 
offices, the States' departments of transportation, selected local 
governments, and other locations, primarily during the period of 
March to October 1982. 

The States of Iowa and Kansas were selected because they are 
among the States with the largest total number and largest number 
of deficient off-system bridges and receive substantial Federal 
bridge program funds. New Hampshire and Vermont were chosen 
because they provided geographical and climatic contrasts to the 
other two States and also have a large percentage of off-system 
bridges that are deficient. The choice of New Hampshire and 
Vermont also enabled us to compare bridge design and construction 
in two States with the same geography and climate in close proxim- 
ity to each other. Other considerations were our own staff avail- 
ability and a desire to select States other than those that were 
the subject of our recently completed review of certain aspects of 
the bridge program.3 The other States we visited or contacted 
during this review were chosen to obtain certain specific data. 
For example, we visited Arkansas to learn more about the efforts 
of a certain county to address its bridge problem. The FHWA 
regional offices were selected because they are responsible for 
the States we visited. 

At FHWA headquarters, we reviewed policies and procedures and 
examined pertinent legislation, documents, reports, studies, rec- 
ords, budget and financial data, and national bridge inventory 
data relating to off-system bridge design and construction under 
the Highway Bridge Replacement and Rehabilitation Program and the 
Federal-Aid Secondary Road Program. We also reviewed American 
Association of State Highway and Transportation Officials (AASHTO) 
highway and bridge standards and numerous relevant documents on 
standards and bridge problems prepared by State transportation 
agencies, universities, and other organizations such as the Trans- 
portation Research Board, the Congressional Budget Office, and the 
Congressional Research Service. 

At FHWA regional and division offices and State transporta- 
tion offices, we reviewed appropriate policies, procedures, FHWA- 
State agreements and correspondence, budget and financial data, 
and bridge project files. Discussions were held with FHWA re- 
gional, FHWA division, State highway, and local officials, pri- 
marily those with responsibilities pertaining to the bridge 
program and off-system bridge design and construction. We also 
visited bridge project sites and other off-system bridges for 
physical observation. 

3Better Targeting Of Federal Funds Needed To Eliminate TJnsafe 
Bridges, CED-81-126, August 11, 1981. 
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We made our review in accordance with generally accepted 
Government audit standards. Our work was coordinated with the 
Department of Transportation's Office of the Inspector General. 

HANDLING STATE COMMENTS 

We asked the heads of the transportation departments of the 
four States included in our detailed review to comment on the sec- 
tions of our draft report that pertained to them. In keeping with 
our Office policy, we did not include the overall report conclu- 
sions and recommendations, as these are addressed to the Secretary 
of Transportation. 

We received responses from all four States. In some cases, 
their specific comments added to, updated, or warranted further 
clarification of the data presented in our report. In other 
cases, they commented on our findings. Changes have been made in 
the data as presented in this report or their comments have been 
summarized at the end of the chapters, as appropriate. The State 
comments are included as appendices II through V. 

HANDLING AGENCY COMMENTS 

We requested Department of Transportation comments on the 
complete draft report from the Assistant Secretary for Administra- 
tion, who obtained and summarized comments from appropriate de- 
partmental officials, including those of FHWA. These comments 
have been incorporated in this report in the same manner as the 
States' comments. The Department's comments are contained in 
appendix I. 



CHAPTER 2 

OFF-SYSTEM BRIDGES: A LOCAL PROBLEM 

OF NATIONAL PROPORTION 

All highway systems are affected by deficient bridges but 
none to the extent that the off-system is affected. Nearly 73 
percent of all deficient bridges are off-system, and off-system 
bridges generally are in wo,rse condition than Federal-aid system 
bridges. A deficient bridge is not necessarily unsafe but it does 
have a deficiency that can affect its use, serviceability, or 
safety. 

Off-system bridges, for the most part, are on local, rural 
roads with low volumes of traffic. 
pler in design and construction, 

They are usually smaller, sim- 

major highways. 
and cost less than bridges on 

However, they are important to local traffic and 
most of them are the responsibility of counties, cities, and other 
local governments which have limited resources to repair or 
replace them. As a result, the Federal bridge program and many of 
the States are providing financial assistance for these bridges. 
Despite substantial efforts, limited progress is being made. 

THE OVERALL BRIDGE PROBLEM 

The average bridge is designed for a life of 50 years and 
many bridges are approaching the end of their design life. FHWA 
data shows that as of December 1981, about 37 percent of the 
bridges in the United States were built before 1940. Many of 
these bridges have become obsolete as traffic has increased and 
roadways have been widened and improved but the bridges have not. 
In addition, physical deterioration has forced authorities to post 
weight restrictions or close some bridges altogether and thus 
restrict free movement and commerce. 

The following chart shows the total number of bridges and the 
number of deficient bridges by highway system. 
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The Number of Total and Deficient 
Bridges by Highway Systema 

Highway system 

On-system: 
Interstate 
Primary 
Urban 
Secondary-State 
Secondary-local 

48,638 5,151 10.6 2.0 
89,941 22,348 24.8 8.8 
31,993 9,457 29.6 3.8 
50,123 16,911 33.7 6.7 
41,437 15,297' 36.9 6.1 

Total 262,132 69,164 26.4 27.4 

Off-system: 
Rural-State 
Urban-State 
Local-rural 
Local-city 

36,750 17,055 46.4 6.8 
2,353 914 38.9 0.3 

244,528 157,280 64.3 62.4 
19.536 7,823 40.0 3.1 

Total 303,167 183,072 

Total 36 

60.4 72.6 

44.6 100.0 

Number of Number 
bridaes deficient 

Percent 
Percent of total 

deficient deficient 
-----(percent)------ 

aFHWA's national bridge inventory data as of July 15, 1982. 

Both the on-system and off-system have a bridge problem, but the 
off-system problem is larger in that 60 percent of its bridges are 
deficient compared to 26 percent for the on-system. About 73 per- 
cent of all deficient bridges are off-system and in fact slightly 
over 62 percent of all deficient bridges are on local-rural roads. 

The cost to replace or rehabilitate 
deficient bridges is large 

As shown in the following chart, FHWA estimates that it would 
cost almost $49 billion to replace or rehabilitate deficient 
bridges: $26.7 billion for on-system bridges and $22.2 billion 
for off-system bridges. Many more off-system bridges are defi- 
cient but the total replacement/rehabilitation cost for on-system 
bridges is slightly greater. Off-system bridges are generally 
smaller and cost less to replace or rehabilitate. The estimate-- 
the latest available-- is for deficient bridges as of December 31, 
1982. 
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system 

Bridges 
eligible for 

replacement or 
rehabilitation 

Federal-aid: 
Interstate 
primary 
Urban 
Secondary 

mtal 

Of f-system 

lbtal 

481 
8,182 
3,920 

14,721 
27,304 

123,698 

Bridges 
Estimated eligible Estimated 
replace- for rehabili- rehabili- Tbtal 

ment cost tation only tation mst cost 

(billions) -(billions)--- 

$ 0.5 3,098 $ 1.3 $ 1.8 
6.3 12,440 4.9 11.2 
4.3 4,623 2.1 6.4 

15,331 3.2 7.3 
35,492 11.5 2-m 

17.2 51,352 5.0 22.2 

$ 86.844 $ %lAdL 

THE ROLE OF OFF-SYSTEM BRIDGES 

The Nation's highway network is made up of almost 4 million 
miles of roads. Roads off the Federal-aid highway system account 
for almost 80 percent of the total mileage, but carry only 20 per- 
cent of the traffic, slightly more than the Interstate carries 
with only 1 percent of the mileage. They are important, however, 
in that they provide access to rural resources, farms and resi- 
dences, as well as urban businesses and residences. Also, the 
Secretary of Transportation's January 1981 report, "The Status of 
the Nation's Highways: Conditions and Performance," states that 
the condition of local roads and bridges is of special concern in 
rural areas where the density of highway facilities, and therefore 
the choice of alternate system access routes, is much lower than 
in urban areas. According to the report, the existence of an 
inferior road or bridge in these areas could effectively isolate 
rural residents and economic activities from the rest of the 
country. 

The typical deficient off-system bridge is less than 50 feet 
in length and located on a local, rural road with a low volume of 
traffic. It is in poor condition, posted or should be posted for 
a reduced weight limit, and the responsibility of a county govern- 
ment. It primarily services local residents, farmers, and towns- 
people in the area. Most of the traffic consists of repeat travel 
over a short distance and characterized by lower speeds. 

'THE FEDERAL BRIDGE PROGRAM--PROGRESS 
BUT LIMITED IMPACT ON THE PROBLEM 

A large amount of Federal assistance for bridges has been 
provided to State and local governments, and a large number of 
bridges have been or are being replaced or rehabilitated. HOW- 
ever, the total number of off-system projects funded under the 
program represents only about 2 percent of the off-system bridges 
that are currently deficient. The funding is increasing, but 
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Examples Of Deficient, Off-System Bridws. 
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Examples Of Deficient, Off-System Bridges. 
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the number of deficient bridges is also increasing. In addition, 
according to FHWA, the "rapidly accruing needs of bridges on the 
Primary and Interstate systems will steadily demand a larger and 
larger portion of available funds to prevent further decline of 
their load carrying capacity and safety." 

Of the $5.8 billion authorized for the bridge program for 
fiscal years 1979-83, about $4.5 billion has been apportioned to 
the States. (The other funds were for discretionary projects, 
certain demonstration projects, FHWA administrative costs, and 
planning and research.) As of September 30, 1983, about $3.7 
billion of the apportioned funds had been obligated for bridge 
replacement/rehabilitation. About $712.2 million, or about 19 
percent, of the obligated funds was for off-system bridges. 
During this period, an average of about 1,000 off-system bridges 
per year was being funded under the program. The number of funded 
bridges, however, is small compared to the over 180,000 deficient 
off-system bridges. 

State and local funding 

FI-IWA does not collect data on either the amount of funds or 
the number of bridges replaced or rehabilitated solely with State 
and/or local funding. Our review, however, indicated that State 
highway departments largely depend on the Federal bridge program 
to fund bridge replacement/rehabilitation projects and the local 
contribution varies substantially. 

Although State highway departments replace few of their 
bridges on their own, they generally provide the required match 
for the Federal bridge program, and they are also responsible for 
maintaining and repairing their bridges and replacing or rehabili- 
tating their many structures that are less than 20 feet in length 
and that do not qualify as a bridge for the Federal program. 
Furthermore, some States are providing financial assistance to 
local governments to help replace bridges or to pay at least part 
of their required matching funds for Federal bridge projects. 

Because of limited resources, many local governments are 
doing little on their own to solve their bridge problems. How- 
ever, some towns and counties are making an effort on their own 
(without Federal funding). For example, a Tennessee county super- 
intendent told us that his county had recently added a property 
tax for the specific purpose of replacing deficient bridges. 

Department of Transportation (DOT) officials told us that 
State and local governments will have to do more on their own to 
better address the off-system bridge problem. According to DOT, 
FHWA is preparing a training course on rehabilitating existing 
bridges that will be offered to local government officials 
throughout the Nation in fiscal year 1984 and beyond. The course 
is to stress evaluation and cost-effective rehabilitation of 
existing bridges. 
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CHAPTER 3 

FHWA AND THE STATES COULD GIVE GREATER 

ATTENTION TO OFF-SYSTEM BRIDGE COSTS 

FHWA and the States have made considerable efforts to reduce 
overall bridge costs and improve cost effectiveness. However, in 
examining off-system bridge design and construction, we believe 
further improvements could be made through increased emphasis by 
FHWA and the States on cost effectiveness, involving a more formal 
consideration of available alternatives and options at the indi- 
vidual project level. At present, FHWA does not require that the 
most cost-effective bridge be built and the States do not have 
procedures to ensure that the alternatives available for a partic- 
ular bridge site are identified and appropriately considered. 
FHWA generally requires or encourages that this be done for 
larger, high-cost Federal-aid system bridges for which FHWA has 
more direct involvement, but this cost effectiveness has not been 
emphasized as much at the local level. 

Although FHWA, State, and local officials are concerned about 
cost effectiveness, they often disagree on what cost effective is 
with regard to off-system bridges. As discussed in this chapter 
and in chapter 5, FHWA has not clearly defined and provided policy 
guidance on cost-effective, off-system bridges. 

OFF-SYSTEM BRIDGE DESIGN AND CONSTRUCTION 
ARE PRIMARILY A STATE RESPONSIBILITY 

The design and construction of off-system bridges with Fed- 
eral bridge program funds is primarily a responsibility of the 
State highway departments. Other than approving the project for 
funding and receiving data on its costs, FHWA does not routinely 
become involved in the project until it makes a final inspection 
at completion. The States, however, are to obtain FHWA approval 
for exceptions to certain design standards and FHWA provides 
technical assistance if requested by the State. On the national 
level, FHWA has worked with the States to develop and establish 
national bridge standards and at the State level to agree on State 
implementation of the standards. 

FHWA has substantial project review and approval responsibi- 
lities but many of these responsibilities have been delegated to 
the States. A State highway department can certify that the 
plans, design, and construction for Federal-aid projects on the 
Secondary System are in accord with standards and procedures 
adopted by the State highway department and approved by the 
Secretary. These certified statements are referred to as 
Secondary Road Plans and usually also include or are used as a 
basis for administering off-system bridge projects. The 1973 
Federal-Aid Highway Act expanded the Secondary Road Plan concept 
to what is called certification acceptance. Except for the 
Interstate System, certification acceptance can be granted for all 
work related to all federally assisted projects or specific 



highway systems, programs, phases of work, classes of projects, or 
combinations of these. All but three States operate under certi- 
fication acceptance or a Secondary Road Plan for the Secondary 
System. The States which we reviewed operate under road plans for 
Secondary and off-system bridge projects. 

FHWA COULD DO MORE TO ENSURE COST 
EFFECTIVENESS 

Over the years FHWA has taken various actions, such as fund- 
ing research and introducing new technology that have helped re- 
duce bridge costs and improve cost effectiveness. FHWA can also 
point to examples where its program and project reviews and moni- 
toring have helped reduce costs. Although these efforts may have 
benefited the Secondary and off-system, the emphasis has been upon 
the Interstate and Primary Systems, for which most of the Federal- 
aid highway funds are provided and FHWA believes it has more 
direct responsibility. According to FHWA Bridge Division offici- 
als, in the last 2 years FHWA has placed special emphasis on cost 
effectiveness in its programs. 

FHWA responsibilities for cost effectiveness 

FHWA headquarters officials, including the Associate Adminis- 
trator for Engineering and Traffic Operations, told us that when 
Federal-aid highway funds are used, FHWA is responsible for assur- 
ing that the lowest cost facility which will safely serve present 
and future traffic over the design life of a given bridge is 
built. The FHWA officials defined cost effectiveness as providing 
an adequate facility that will produce the desirable results at 
the lowest cost. However, this FHWA definition and statement on 
responsibilities do not appear in FHWA guidance to its field 
offices or the States, and there is no requirement for such an 
approach in the Secondary Road Plans we examined. Furthermore, 
FHWA has not clearly defined what is an adequate facility and what 
are the desirable results with regard to off-system bridges 
replaced or rehabilitated under the bridge program. 

FHWA officials believe that the States have the overall 
responsibility to assure that cost-effective bridges are built 
and FHWA provides technical assistance, project oversight, and 
program reviews. According to the officials, the States' respon- 
sibility is carried out through cost-effective bridge designs, 
efficient project development, consideration of alternatives, and 
other procedures to promote competition in bidding and construc- 
tion techniques. FHWA officials also told us that its major man- 
agement approach is to be sure that State design and construction 
procedures are adequate to achieve FHWA's primary goal of provid- 
ing a bridge that will safely serve its intended purpose through 
its design life yet cost no more than necessary. 

FHWA efforts to encourage cost effectiveness 

FHWA and the States spend millions of dollars each year for 
highway-related research, development, and technology transfer. 
These expenditures have resulted in the discovery and/or 
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production of new materials, methods, and equipment. FHWA has 
also issued orders and technical advice encouraging the use of 
various cost reduction techniques such as alternate designs, 
materials, and construction techniques. These consist of broad 
general guidance, and the extent to which they are applied to 
bridges on Secondary System and oEf-system roads is left to the 
discretion of the various FHWA regional and division offices. 

The approaches taken by the FHWA offices are varied and some 
may meet with only limited success. For example, in FHWA 
Region 1, the orders and technical advisories on cost-reduction 
techniques have been provided to the States through the FHWA divi- 
sion offices without effort to encourage the use of the techniques 
suggested on the Secondary and off-system. The FHWA division 
bridge engineers in New Hampshire and Vermont have very little 
involvement with the States' activities under the Secondary Road 
Plan. They generally consider the bridge program to be structured 
to allow a State to build whatever type of bridge it prefers. 

FHWA Region 7 also presented these orders and technical 
advisories to the States through the FHWA division offices. In 
addition, the region has promoted their use in meetings with FHWA 
division officials as well as State and local highway officials. 
As a result, some actions have been taken. For example, the FHWA 
Kansas division office required Kansas to begin using a composite 
(steel and concrete) design on all steel bridges, including those 
on the Secondary and off-system roads. About 50 steel bridges 
were to be redesigned, saving an estimated 10 percent of the 
structural steel costs. Kansas Department of Transportation 
officials told us that the use of composite design on all steel 
bridges may reduce the initial cost, but they were concerned that 
more expensive repair costs may occur during the structure's use- 
ful life. 

The FHWA Kansas division also invited Kansas State highway 
officials responsible for bridges on the Secondary and off-system 
roads to a workshop on value engineering, a widely recognized man- 
agement tool designed to optimize the value of each dollar spent 
on an item.1 As a result, Kansas may establish a value engineer- 
ing group within the unit responsible for low-volume Secondary and 
off-system roads with the hopes of further reducing bridge costs. 
Kansas officials told us, however, that formal value engineering 
studies should be used only on high cost projects because of the 
cost of increased staff time to perform the studies. 

The FHWA Iowa division in some instances has recommended 
alternate designs for bridges on Secondary and off-system roads 
when they did not consider a proposed design to be cost- 

'Value engineering employs a systematic, multidiscipline, crea- 
tive approach to identify, analyze, and establish a value for an 
item's function. The objective is to satisfy the recluire?I func- 
tion at the lowest cost consistent with the requirements of per- 
formability, reliability, and maintainability. Value engineering 
is discussed in greater detail in chapter 4. 
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effective. For example, an Iowa FHWA engineer noted that a steel 
bridge was planned when concrete would be cheaper. The division's 
recommendation that the bridge be redesigned as a prestressed con- 
crete beam bridge was accepted by the State and the applicable 
county, saving an estimated $165,000. 

FHWA Secondary Road Plan and regional 
management reviews 

Cost effectiveness, as already noted, is not an explicit 
requirement of the Secondary Road Plan and is generally not 
addressed in FHWA's reviews. In the four States we studied, we 
found only one instance where cost effectiveness was emphasized in 
FHWA's review of the State's operation under its Secondary Road 
Plan. The Iowa FHWA division office reviewed the State Department 
of Transportation's practice of routinely approving bridge designs 
wider than specified by the Secondary Road Plan on low-volume, 
unpaved roads. As a result, Iowa implemented procedures to limit 
such bridges to those projects where specific circumstances 
required a wider bridge than called for in the Secondary Road 
Plan. 

FHWA regional office efforts are generally limited to those 
projects where the division offices are directly involved in the 
design approval and construction process, that is, the Interstate, 
Primary, and Urban Systems, unless the State has certification 
acceptance for the latter two. Regional management reviews are 
intended to ensure compliance with regulations and procedures and 
do not directly address cost effectiveness. 

Management initiatives to emphasize 
cost-effectiveness efforts 

FHWA management has taken action to stress to its staff the 
importance of their efforts to improve the cost effectiveness of 
highway (and bridge) design and construction. The result has been 
a greater emphasis on cost effectiveness but primarily with regard 
to Interstate and large, high-cost bridge projects on the Primary 
System in which FHWA has more involvement. 

For example, the FHWA Administrator annually designates 
program areas to which FHWA will give special emphasis, and spe- 
cific objectives are established for each area. For fiscal year 
1982, one area receiving emphasis was a cost-effective design and 
construction program whose objective was to reduce costs in the 
highway program through more widespread use of improved practices 
in design, construction, and traffic operations. The specific 
tasks were to (1) use alternate designs on Federal-aid bridge 
projects to increase competition, (2) use alternate designs for 
pavement-type selection, (3) make effective use of alternative 
materials and construction expertise, (4) promote cost effective- 
ness in all elements of the highway program and assist in identi- 
fying specific cost-cutting procedures, (5) promote traffic signal 
system improvements and other fuel-efficient traffic operations 
measures, and (6) promote planning efforts to prioritize projects 
and programs on a cost-effective basis. This efEort is 
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continuing in 1983. FHWA also has a Cost-Avoidance, Reduction, 
and Efficiency (CARE) Program, which is designed to further 
encourage its staff to work to reduce costs in FHWA programs and 
report on their accomplishments. 

We reviewed the FHWA CARE reports and the program emphasis 
area progress reports for fiscal year 1982 that related to bridges 
and discussed their efforts in this regard with several FHWA head- 
quarters, region and division officials. The specific areas of 
emphasis varied by region and division but the major efforts 
were mostly directed at larger Interstate and Primary System 
bridges. 

THE STATES AND COST EFFECTIVENESS 

Available bridge materials and prices can fluctuate quickly 
and new materials and construction techniques are continuously 
being developed. Also, bridge sites and conditions differ, and 
the amount and type of traffic on the bridges and the needs and 
desires of those who use the bridges vary. These factors, along 
with the need to consider long-range costs and safety, make the 
decisions on bridge design and construction difficult. However, 
State bridge engineers make design and construction decisions for 
off-system bridges based largely on engineering judgment, experi- 
ence, and preferences. None of the four States in our detailed 
review had established formal procedures to ensure that the most 
cost-effective bridges are built. For example, we found little 
evidence in State and FHWA files that State officials fully con- 
sidered alternatives or made cost comparisons between different 
type structures or materials in designing or approving the design 
of bridges for off-system roads. 

In some cases, the State suggests more cost-effective designs 
to the counties, but the counties do not use them. In Iowa, 
county engineers usually are responsible for designing off-system 
bridges, but a State Department of Transportation bridge engineer 
reviews these designs to ensure the hydraulic requirements are met 
and the type, size, and location of the structure is satisfac- 
tory. If the State bridge engineer notices that an alternate 
design would be more cost-effective, he will suggest the alter- 
nate. It is then up to the county to use it. In most instances 
they do not, according to Iowa officials. For example, a bridge 
engineer suggestion that the use of concrete beams instead of 
steel beams would save about $49,000 on a 175-foot long x 28-foot 
wide bridge was not used by one county. 

As a further example, we discussed with the bridge engineer a 
total of 11 bridge projects, some at his suggestion. These may 
not be representative of the total but the results were consistent 
with the bridge engineer's statement that, in most instances, the 
alternates are not accepted by the counties. For the 11 bridges, 
the alternate was accepted in two cases, rejected in six cases, 
and in the other three, a cost-saving alternate could have been 
suggested by the bridge engineer but was not. Iowa Department of 
Transportation officials told us that, as a result of our review, 
they were considering action to require counties to accept less 
costly alternates or justify the type of bridge they request. 
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We also found that the States varied in their approaches to 
cost effectiveness and dealing with the off-system bridge prob- 
leln. The extent of variance is best illustrated by the different 
approaches followed in New Hampshire and Kansas for shorter 
bridges. New Hampshire attempts to build what it considers the 
best bridge, which it defines as the one that will last the long- 
est with the least maintenance. This approach, which New Hamp- 
shire considers the most cost-effective, often results in a steel 
bridge, which is one of the Inore costly type of structures for 
these situations. In contrast, Kansas tries to build the least 
costly structure and usually constructs reinforced concrete box 
culverts for short-span bridges. In the rare instances when a 
concrete culvert cannot be used, concrete slab bridges are used. 
Kansas considers its box culverts to be long-lasting with little 
maintenance. The different approaches followed in these States 
are reflected in part by the cost to construct bridges on the 
off-system in these States. A project for a small Secondary or 
off-system bridge in New Hampshire may cost $250,000 or more while 
a similar size project in Kansas may cost less than $100,000. 

Other factors such as terrain, labor costs, and available 
materials also enter into a comparison of cost between States as 
different as iVew Hampshire and Kansas. However, New Hampshire's 
off-system bridge project costs are also substantially higher than 
Vermont's, a State with basically the same terrain and climate. 
This is in part due to the different approach to bridge design 
between the States. Vermont builds more of a variety of bridges 
depending on the topography and hydraulic requirements. For short 
span structures this is usually a concrete slab bridge. 

CONCLUSIONS 

A substantial number of off-system bridges are deficient and 
the cost to replace or rehabilitate them is large. FHWA and the 
States are concerned about bridge costs and both contribute toward 
the design and construction of more cost-effective bridges. We 
believe, however, that their efforts could be improved, at least 
for off-system bridges. 

The State highway departments need a better, more formal 
process to ensure that cost effectiveness is emphasized and cost- 
saving opportunities and alternatives are identified and properly 
considered in the design and construction of off-system bridges. 
Off-system bridges are generally smaller, less complex, and less 
expensive. State bridge engineers tend to make decisions on the 
design and construction of these bridges based on engineering 
judgment, experience, and preferences without indications that 
alternatives are fully considered. 

An explicit requirement for cost-effective bridge design and 
construction under the Federal bridge program is also needed to 
handle situations such as in Iowa where the State suggested more 
cost-effective bridge designs to the counties but the counties 
often did not accept the alternatives, and the State did not 
require their acceptance. 
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FHWA, with some oversight and review responsibilities, also 
needs to place more emphasis on cost effectiveness. We do not 
propose that FHWA assume any of the State responsibilities for 
off-system bridge design and construction or become involved in 
individual project design review and approval. FHWA could better 
provide for cost effectiveness by establishing a requirement that 
cost-effective bridges are to be built, including the requirement 
in the Secondary Road Plans and monitoring compliance with the 
requirement. 

AGENCY COMMENTS AND OUR EVALUATION 

with regard to our proposal to establish a requirement for 
cost-effective, off-system bridges, DOT stated that FHWA believes 
that sufficient requirements already exist for this purpose. 
According to FHWA, the current provisions in Section 109 of Title 
23 of the U.S. Code and FHWA policies and procedures require that 
cost-effective bridges be designed for all Federal-aid projects, 
and the agency is firmly committed to the principles of cost 
effectiveness. 

DOT also said that FHWA has a comprehensive 2-year-long 
ongoing review of its design and construction monitoring effec- 
tiveness. According to DOT, the review should result in signifi- 
cant changes in FHWA policy, procedures, and operations that will 
improve the quality of design and construction of federally funded 
highway projects. DOT stated that cost effectiveness is a major 
force driving this review. DOT also said that current management 
reviews by FHWA headquarters, regional, and division offices con- 
centrate on both safety and cost effectiveness in bridge designs. 
DOT further said that value engineering principles, available 
resources, and program demands require that FHWA bridge engineers 
concentrate their detailed review efforts on the more costly 
bridge projects. 

Many FHWA policies, guides, and related efforts--especially 
those of a technical or engineering nature--do impact on cost 
effectiveness, and we do not question that their purpose is to 
help provide for cost-effective highways and bridges. we also do 
not question that FHWA already has this authority and responsibil- 
ity. Section 109 of Title 23 does give the Secretary of Transpor- 
tation substantial authority over geometric and construction 
standards for federally assisted highway and bridge projects. 

Much of these responsibilities under Section 109 for off- 
system bridges, however, have been delegated to the States. The 
States are primarily responsible for off-system bridge design and 
construction and FHWA has limited involvement in off-system bridge 
projects. We believe an explicit overall requirement would fur- 
ther emphasize cost effectiveness and clarify FHWA and State 
responsibilities in this regard. FHWA headquarters officials 
define cost effectiveness as providing an adequate facility that 
will produce the desirable results at the lowest cost. We did not 
find such a requirement or this definition in major FHWA policies 
relating to administering the bridge program or in the Secondary 
Road Plans. FHWA division bridge engineers we talked to 

18 



generally considered the States to be responsible for cost- 
effective, off-system bridges because the States have the design 
and construction responsibility. FHWA periodically conducts man- 
agement and Secondary Road Plan reviews but these have been lim- 
ited in scope in that they have been generally directed toward 
State compliance with certain regulations and processes rather 
than cost effectiveness. 

We are not proposing that FHWA become involved in the design 
and construction of individual off-system bridge projects. HOW- 
ever, FHWA regional and division officials need to be better aware 
of their responsibilities with regard to ensuring that cost- 
effective off-system bridges are built and provide some over- 
sight. We believe that this can be accomplished by establishing a 
program requirement that cost-effective bridges are to be built 
and include such a requirement in the Secondary Road Plans. As a 
result, we would envision that FHWA's periodic management and Sec- 
ondary Road Plan reviews, for example, would include the States' 
compliance with the requirement. 

During our audit, FHWA officials preferred not to discuss the 
preliminary results of their ongoing monitoring review. Thus, we 
are not aware of their findings and the potential changes that may 
be made. However, we appreciate FHWA'S concern about its monitor- 
ing. We anticipate that this report will help FHWA in its review 
and that our proposal will be fully considered. 

STATE COMMENTS AND OUR EVALUATION 

In commenting on our draft report, the heads of the State 
departments of transportation told us that they believe that they 
are cost-effective in the design of off-system bridges. The 
Director of the Iowa Department of Transportation, for example, 
said that FHWA and State officials are constantly reviewing bridge 
plans for ways to stretch the use of available funds and maximize 
both safety and service. He further said that bridge owners must 
consider initial cost, safety, service, and maintenance costs in 
the design of the bridge, and these decisions are part of every 
design thought process but may not be documented. 

The Secretary of the Agency of Transportation for Vermont 
told us that they consider cost-effective design to be an integral 
part of the design process. He said that they use a variety of 
structures and this proves they do make cost comparisons between 
different types of structures even though their files may not have 
been well documented. 

The Commissioner of the New Hampshire Department of Public 
Works and Highways commented that the State's bridge engineer is 
guided by a general policy that seeks the most cost-effective 
bridge for the life span of the facility. 

The Kansas Secretary of Transportation stated that there are 
many difficulties in determining optimal bridge designs. He said 
bridge designs are evaluated on the basis of their experience 
gained from the many types of structures built both with and 
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without Federal funds. The Secretary believes the use of a stable 
group of extremely qualified engineers specializing in this area 
produces results not inconsistent with those that would result 
from a more formal procedure.. The officials commented that the 
existence of formal procedures will become more desirable to them 
as they begin to experience staff turnover. 

We do not question the States' design of off-system bridges 
nor their intent to build cost-effective bridges. We recognize 
the difficulties and many factors that must be considered when 
selecting the design for a particular bridge site and the import- 
ance of qualified staff and good engineering judgment. We,are not 
recommending that the States regiment their design process. HOW- 
ever, we continue to believe that the process would be improved if 
the States.establish procedures to ensure that various alterna- 
tives are identified and appropriately considered. we found 
little evidence that the States are doing this. In this regard, 
we would not envision elaborate procedures, extensive documenta- 
tion, 'or the elimination of engineering judgment. But the growing 
bridge problem, the many factors that must be considered in bridge 
design, the increasing number of alternatives available, and 
changing prices and economic conditions warrant more formal 
procedures than currently exist. 

RECOMMENDATION TO THE SECRETARY 
OF TRANSPORTATION 

We recommend that the Secretary of Transportation direct the 
FHWA Administrator to establish an explicit requirement in the 
Secondary Road Plans that cost-effective, off-system bridges are 
to be built under the Federal bridge program. This requirement 
should provide for the States to build cost-effective bridges 
according to the policy guidance recommended in chapter 5. 
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CHAPTER 4 

OPPORTUNITIES TO REDUCE OFF-SYSTEM 

BRIDGE COSTS 

Various innovative materials, designs, construction, and 
management techniques offer potentially substantial cost savings 
for off-system bridges. These innovations have been available for 
some time but State highway departments are often reluctant to use 
them for a variety of reasons. 

Innovative technology and management techniques are not 
always appropriate and the experience with some technology may not 
be sufficient to warrant wide application. But when properly used 
they can substantially reduce costs and more deficient bridges can 
be replaced with the limited amount of funds available for this 
purpose. The following is a discussion of several examples of 
innovative technology and management techniques that we found in 
use by some State and local governments and the major constraints 
to their wider acceptance. 

INNOVATIVE TECHNOLOGY CAN LOWER COSTS 

Long-span culverts--a less costly 
alternative to a new bridge 

One alternative available to State and local governments to 
use in replacing some bridges is the long-span culvert.' For 
many years, culverts or pipes have been placed in streams and cov- 
ered with soil rather than building a short bridge. These were of 
limited diameter and could only be used when a very small waterway 
opening was satisfactory. However, long-span culverts were devel- 
oped several years ago to provide a larger opening that would be 
suitable for more bridge sites. A long-span culvert, for which 
there are several manufacturers, is usually made out of steel or 
aluminum and usually has an arch, pear, elliptical, or similar 
shape. It is usually brought to the bridge site in sections to be 
assembled at the site. It is then placed on a concrete footing or 
set in the stream bed and covered over with backfill, a certain . . thickness of soil, p referably a granular material such as sand or 
gravel, that should be carefully placed and compacted around and 
over the culvert. After installation, the stream flows through 
the open ends of the culvert and the roadway and guardrail are 
built across the top of the backfill and the culvert. Long-span 
metal culverts are usually galvanized to protect against rusting. 
The larger culverts are also being used as grade separations, with 
one road running through them and the other road running across 
the top. 

1Structural plate pipes and arches, which are similar in concept 
to long-span culverts, may be used for slightly shorter spans. 
In this report, we refer to both as long-span culverts. 
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(Photographs Courtesy Of Armco. Inc.) 

A Long-Span Culvert During Installation And After Completion. 
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The use of long-span culverts has generally resulted in 
substantially reduced construction cost and time. In addition to 
reduced costs and quick installation, a characteristic that ap- 
peals to local governments is that the culverts can be installed 
with their own employees. The manufacturers, however, generally 
require that one of their professional engineers supervise, be- 
cause proper installation is critical to the structures' success. 

FHWA has supported the use of long-span culverts for bridge 
replacement. In 1978 the director of FHWA's Region 10, Office of 
Bridges, in reporting the results of a survey of counties and 
other local jurisdictions in the States of Idaho, Oregon, and 
Washington concluded that the first question for local governments 
in planning a bridge replacement program should be: How many of 
the old bridges can be replaced with culverts, including long-span 
culverts? According to the FHWA Region 10 official, over 600 of 
the long-span culverts had been installed in North America-- 
including several in Region lO-- and culverts can be constructed 
faster than most bridges and often at substantially less cost. He 
also cited such advantages as low maintenance, no bridge icing, 
and no deck deterioration. The official believed that when site 
conditions are right for the large culvert, careful study should 
be made to determine the relative merits of a culvert versus a 
bridge. 

In 1979 the Chief of FHWA's Bridge Division sent a memorandum 
concerning certain long-span culverts to the heads of FHWA'S 
regional offices. He noted that there were three manufacturers of 
galvanized steel long-span culverts in the United States who were 
actively promoting and selling this product: (1) Armco, Inc. 
(Super Span); (2) Republic Steel Corporation (Maxi-Span); and (3) 
Syro Steel Company (Syro Long-Span). He added that in the past 15 
years several hundred Armco Super-Span culverts had been erected 
in the United States and Canada and generally the performance of 
these structures had been excellent. Also, a number of Maxi-Span 
and Syro Long-Span culverts had been installed in the last few 
years and their performance also had been excellent. The Chief of 
the Bridge Division concluded that these structures can be bid in 
competition with each other and specified as an alternate to com- 
petitive conventional designs such as concrete box or arch cul- 
verts or a small bridge. In June 1981 FHWA also approved the use 
of long-span corrugated aluminum culverts on Federal-aid proj- 
ects. However, FHWA officials pointed out that there have been 
several failures of long-span culverts, and it is important to 
have qualified personnel install them. FHWA officials also 
pointed out that long-span culverts are not always cheaper. In 
some cases, where culverts have been bid as alternates to conven- 
tional bridges, the conventional bridge has been bid at a lower 
cost. 

Despite FHWA's endorsement of these long-span culverts, we 
found that State highway departments have been reluctant to use 
them. For example, the New Hampshire State bridge engineer has 
never approved the installation of a long-span culvert. According 
to the State bridge engineer, his philosophy and practice is to 
build the best possible bridges, those that will last the 
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longest and generally be most maintenance-free. He does not 
believe that long-span culverts meet this criteria. However, 
according to FHWA and long-span culvert manufacturers, low main- 
tenance is one advantage of the culverts. Industry claims they 
will last 50 years, the length of time bridges are generally 
designed for, and that their products meet AASHTO specifications 
for this type of bridge. As stated above, FHWA has found the per- 
formance of the three long-span culvert products to be excellent, 
based on those that have been installed for several years. 

Long-span culvert manufacturer representatives told us that 
these structures could replace 20 to 35 percent of the short-span 
(less than 50 feet) bridges in New Hampshire. About 75 percent of 
the State's over 1,000 deficient off-system bridges are less than 
50 feet in length. The State bridge engineer agreed that the use 
of culverts could save from 30 to 50 percent of bridge replacement 
costs when used instead of the conventional bridge that New Hamp- 
shire usually builds. 

To test the possible use of the structures in New Hampshire 
and the potential savings in replacement costs, we examined data 
on off-system bridge projects of less than 50 feet in length that 
have recently been proposed for funding under the Federal bridge 
program. Based on waterway opening requirements, we selected four 
sites where it appeared a long-span culvert could have been used. 
In August 1982 we met with an Armco professional engineer to dis- 
cuss using long-span culverts at the four bridge sites in New 
Hampshire--Amherst, Antrim, Brentwood, and Deerfield. After 
reviewing the State hydraulic reports and bridge plans, he stated 
that the Amherst site was not suitable for a long-span culvert but 
he did believe the other three sites were suitable. The Armco 
engineer and the State Municipal Highways Engineer, who was famil- 
iar with the location, accompanied us to the sites. After 
inspecting the sites they both agreed a long-span culvert was 
appropriate at each of the three locations. 

Following is a comparison of the State's cost estimates for a 
conventional bridge and Armco's cost estimates for a long-span 
culvert at the three locations. In preparing his estimates, the 
Armco engineer maintained the same width proposed by the State. 
All estimates are as of August 24, 1982, except the State's actual 
cost for the Brentwood bridge, which had already been,completed. 



Town 
State Armco Possible 

estimate estimate savings Percent 

Antrim $360,000 $ 96,200 $263,800 73.3 

Brentwooda 160,000 88,610 71,390 44.6 

Deerfield 300,000 104,853 195,147 65.0 

Total $ $ $530,337 65.0 

aThis bridge has already been built by the State. These 
costs reflect only the bridge cost, i.e., no approach road- 
way work is included in this estimate. The figure shown 
under the column "State estimate" is an actual-cost figure 
which is 3 years old. Armco's estimate was a current mar- 
ket estimate. 

Thus, the use of long-span culverts in these three locations could 
possibly have saved over $500,000. If these could be used for 20 
to 35 percent of bridges less than 50 feet, the savings could be 
substantial and the Federal bridge program could replace many more 
bridges. 

The Bridge Maintenance Engineer, whose unit primarily repairs 
bridges but also replaces a few, believes long-span culverts are a 
good inexpensive alternative for replacing small bridges. He 
pointed out that these structures are not suitable for all loca- 
tions but estimated that they could replace 20 to 30 percent of 
New Hampshire's small bridges. The Bridge Maintenance Section 
uses culverts extensively to replace bridges under 20 feet and to 
date has not had any problems with those it has installed. The 
Bridge Maintenance Engineer stated that for many towns, culverts 
could be the answer to their bridge problems. Some towns are now 
putting them in with their own funds as an inexpensive alternative 
to the more expensive conventional bridges. 

FHWA and New Hampshire officials told us that they believe 
having Armco estimate what one of its culverts would cost at a 
given location would tend to result in a low estimate. According 
to FHWA officials, only actual bids received would give true 
costs. According to Armco officials, however, their estimates 
were based on the more recent figures that they have been using 
for bidding in the New England and New York area. Our purpose was 
to provide a relative comparison of costs. 

Vermont uses some long-span culverts but limits their use to 
certain situations. Where used, the State requires a minimum 
5-feet cover of backfill, which limits the number of sites where a 
culvert would be economical because of the cost of the backfill 
and the approach roadway work. Several large culverts, however, 
have been installed in Vermont. One serves as a highway bridge 
over railroad tracks in Essex Junction, Vermont. The culvert 
opening had to be high enough to provide safe clearance for 
trains passing through the tunnel, yet too high a rise would 
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mean a steep grade for vehicles crossing the bridge. To solve 
this problem, a small concrete pad was put on top of the pipe, 
allowing a reduction in the amount of cover. The project was 
privately funded and neither the State nor the Federal Government 
was involved in its design or construction. 

Another large culvert was used in St. Johnsbury, Vermont, for 
a railroad tunnel. One estimate indicated the pipe saved about 
$150,000 and construction time was less than that required by a 
conventional bridge. This project received Federal and State aid 
and was designed and constructed by the State. A third large cul- 
vert bridge serves the Bromley Mountain ski resort. It spans 
slightly over 35 feet and carries a two-lane road with a pedes- 
trian sidewalk on both sides. The project was designed and built 
by the State, and it received Federal and State funding. 

The Kansas Department of Transportation routinely uses cast- 
in-place, reinforced concrete box culverts for bridges less than 
50 feet in length. Department officials told us, however, that 
they do not encourage the use of the long-span metal culverts even 
in locations where their use is appropriate. They do not believe 
that they are cheaper than the box culverts the State builds. 
They did not have cost comparisons to support this but their views 
were shared by several county engineers to whom we talked. FHWA 
officials told us that many times concrete box culverts are just 
as cheap or cheaper than long-span culverts. Also, State offici- 
als do not believe culverts will last 50 years because of rust. 
Furthermore, they believe that there are problems getting suffici- 
ent soil to cover the culverts at most project sites. In Iowa 3 
of the 229 county Secondary and off-system bridges let for bid 
involving Federal funds have been long-span culverts. 

Armco representatives in Topeka, Kansas, stated that their 
products were not appropriate in most of Kansas and part of Iowa 
because of the flat terrain. In flat terrain with shallow stream 
beds, insufficient "headroom" exists to install their structures 
without significantly raising the grade of the roadway. In loca- 
tions where their structures can be installed, they stated they 
were more cost-effective than concrete boxes or cast-in-place, 
reinforced concrete slab bridges for bridges under certain circum- 
stances. However, they were unable to provide detailed cost esti- 
mates or an estimate of the number of deficient bridges where the 
potential exists for use of their products. 

Precast, prestressed concrete 

Prestressed concrete is an alternative material whose use is 
increasing. FHWA is encouraging the States to consider it as an 
alternate to steel on major long-span bridges, and many times it 
is being used for this purpose. Prestressed concrete can also be 
used for shorter-span bridges. In the previously mentioned FHWA 
Region 10 survey of local governments in Idaho, Oregon, and wash- 
ington, the Region 10 Director of the Office of Bridges concluded 
that with the large number of deficient bridges nationwide, most 
of which are on low-volume roads, it is imperative that new 
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bridge construction on such roads be as economical as possible and 
yet be long-lasting and nearly maintenance-free. He also con- 
cluded that precast, prestressed concrete appears to be an attrac- 
tive and economical solution for replacement of existing deficient 
structures. According to the official, prestressed concrete is by 
far the most commonly used material for bridges on low-volume 
roads in the Northwest in the short- to medium-span range (20 to 
130 feet long). In the States we examined, the use of precast, 
prestressed concrete, however, has been mixed. 

The Vermont Department of Transportation's Chief of Hridge 
Inspection and Design stated that prestressed concrete slabs are 
most appropriate when the waterway opening is small because pre- 
stressed concrete is less likely than steel beams to snag floating 
debris and is very quick to erect. In spite of such advantages, 
he added that they do not use them often because they are not 
readily available in Vermont. Only recently a firm began produc- 
ing prestressed concrete in Middlebury, Vermont. The New Hamp- 
shire assistant bridge engineer told us that the State has not 
built any prestressed concrete off-system bridges because there 
are no prestressed concrete plants in New Hampshire. 

Of the 229 county Secondary and off-system bridges that Iowa 
had let for bid involving Federal funds, 78 were precast, pre- 
stressed slabs. At the county level we contacted eight county 
engineers and found two who precast their own bridge sections. 
In one case, the use of prestressed concrete saved an estimated 
$165,000. 

In Kansas, 191 county Secondary and off-system bridges have 
been let for bid since October 1978 and 21 were precast, prestres- 
sed concrete. Of six county engineers we contacted, we found one 
that was considering precasting his own bridge sections. 

Standard plans 

Use of standard plans can also reduce costs by reducing the 
time needed to design bridges. Many States use standard plans to 
some extent but Pennsylvania is in the process of developing more 
detailed, standardized bridge plans, primarily for smaller-span 
local bridges. The plans are intended to lessen costs, with 
attention given to ease and speed of construction, safety, 
and type of traffic, and availability of materials. The FHWA 
bridge engineer for Region 3, which includes Pennsylvania, told us 
that these standards will greatly decrease the design cost of a 
bridge, and the designs, which will include both steel and con- 
crete alternates, will be particularly useful to small, local gov- 
ernments without an engineer. The bridge engineer said that he is 
so impressed with the designs that he will try to promote them 
region-wide and perhaps nationwide. 

The FHWA division bridge engineer in Pennsylvania commented 
that the standard designs will be cost-effective and save small, 
local governments money. He added that the designs are more cost- 
effective than the standard designs FHWA has previously devel- 
oped. FHWA's Region 3 has approved Pennsylvania's standard 
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designs for use on Federal-aid projects. FHWA headquarters 
officials, however, cautioned that a qualified bridge engineer 
should always evaluate the hydrology and hydraulic needs and the 
foundation requirements when using standard plans. 

Use of State and local employees to 
replace or rehabilitate bridges 

According to many State and local officials, they can replace 
or rehabilitate a bridge at substantially less cost by using their 
own employees (force accounts) rather than contracting out. They 
attribute the lower in-house cost to factors such as being able to 
use their crews on new construction when they are not otherwise 
occupied with maintenance work and the higher wages of contractor 
employees. Officials cite the requirements of the Davis-Bacon 
Act, under which construction workers on projects receiving Fed- 
eral funds have to be paid the prevailing wage rates in an area, 
as increasing the cost of construction contracts. 

Use of force accounts on Federal-aid highway and bridge proj- 
ects has generally been discouraged. FHWA headquarters officials 
told us that its policy on the use of force accounts permits 
States to use them on their own initiative if within previously 
established Federal-State agreements or to come to FHWA for a 
determination that it is in the public interest. Until recently, 
Title 23 of the U.S. Code, Section 112, required that construction 
of each project be performed by contract awarded by competitive 
bidding unless the Secretary of Transportation finds that some 
other method is in the public interest. The 1982 Surface Trans- 
portation Act, however, revised Section 112 by allowing some 
method of construction other than contract awarded by competitive 
bidding if a State highway department demonstrates to the 
Secretary of Transportation's satisfaction that some other method 
is more cost-effective. The act was enacted at the end of our 
field work and we have not assessed the impact of the revision on 
the use of force accounts for off-system bridges. The following 
discusses the use of force accounts at the time of our review. 

The State of Vermont generally limited the use of force 
account labor to projects costing less than $40,000. The State 
Transportation Board's approval had to be obtained to use force 
account labor on larger projects. According to State officials, 
this limit was established to protect the construction industry in 
the State. As a result, force account projects were usually 
bridge rehabilitation projects or reconstruction of bridges 
shorter than 20 feet. The FHWA Vermont Division bridge engineer 
told us that the division does not encourage the use of force 
account labor and would only fund rehabilitation projects and not 
new construction projects using force account labor. 

The New Hampshire State bridge maintenance engineer stated 
that the State tries to limit its force account work because it 
otherwise gets complaints from contractors that the State is tak- 
ing away its business. Although no formal limit exists, the 
Bridge Maintenance Section tried to keep its work to around 
$25,000 for each bridge. Actual replacement or even rehabilita- 
tion of bridges over 20 feet with State forces was rare. 
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Iowa's and Kansas' Secondary Road Plans allow for the use of 
force account labor. However, force account labor had rarely been 
used to construct bridges involving Federal funds. Kansas consid- 
ered allowing a county to build bridges if the county's workers 
were clualified and it was found to be in the public interest, 
l.e., the county's offer was less than 80 percent of the estimated 
cost if let for bid and the project was not cOnsidered attractive 
for competitive bids. These were the criteria used in negotiating 
contracts with the counties for grading, surfacing, and other work 
on road projects. In Iowa, county force account labor can be and 
had been used on projects up to $20,000 with no approval and on 
projects up to $40,000 with State approval. Projects over $40,000 
must be let for bid in Iowa. According to Iowa officials, bids 
are required on work in excess of $40,000 to ensure cost effec- 
tiveness. Local governments can compare their costs to those oE 
the contractor and make the most effective use of public funds. 

Some local governments have made substantial use of force 
account labor to address their bridge problems. In 1980 Washing- 
ton County, Arkansas, began a lo-year program to replace 84 
deficient bridges using its own forces. The county has limited 
funds with which to match Federal or State aid and these funds 
have generally been used for the match on road projects. 

The county used a standard design provided by the State high- 
way department to precast bridge sections for use by county forces 
to build bridges 25-feet wide and up to 60-feet long. According 
to the county administrator, longer bridges are not attempted 
because county forces are not qualified to build them and they do 
not employ a professional engineer. From June 1980 to July 1982, 
the county had built 23 such bridges. County officials estimated 
that their largest precast bridge costs less than $20,000. 

Another example of the large use of force account labor is 
Oklahoma. In 1980 Oklahoma enacted a county bridge improvement 
program, which provides technical assistance and funds to the 
counties to help them solve their bridge problem. About 75 per- 
cent of the over 14,800 county bridges in Oklahoma are deficient 
and the counties did not have the resources to solve this problem 
on their own. As of July 26, 1982, the program had replaced or 
rehabilitated 192 bridges at a cost of $15.6 million and $17 mil- 
lion had been committed for the replacement or rehabilitation of 
an additional 343 bridges. The State developed standard plans for 
the counties' use and State engineers do the necessary site work, 
make the required hydraulic analysis, and adapt one of the 
standard plans to the site. 



Top And Side View Of A Bridge Built By Washington 
County, Arkansas’ Employees With Their Own Pre- 
cast Concrete Sections. The Cost Was Less Than 
$20,000. 
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TWO Of the standard plans were designed for use by unskilled 
county forces. The counties have used these, as well as other 
State standard plans, to construct bridges with their own forces. 
County forces were used on 46. of the 192 bridges replaced or reha- 
bilitated through July 26, 1982, and the counties had agreed to 
replace or rehabilitate 274 more with their own forces. 

The FHWA Oklahoma division office cooperated with the State 
in the development of the county bridge standards. As a result, 
bridges built in Oklahoma with these standards are eligible for 
Federal funding. However, Oklahoma limited the use of Federal 
funds to bridges costing over $200,000. Very few of the county 
bridge projects cost this much, so Federal funds were seldom used 
for these bridges according to State officials. 

The State relaxed some standards to reduce the cost of the 
county bridges and to build as many bridges as possible with the 
available funds. Examples of the relaxed standards include: 

--26-foot widths versus the 28 feet and 30 feet required for 
some State bridges. 

--Less guardrail and lighter guardrail than required for 
State bridges. 

--Risk analysis to determine the waterway opening for each 
bridge rather than building to a fixed standard. (Accord- 
ing to FHWA Bridge Division officials, FHWA and many States 
are currently examining the use of risk analysis to deter- 
mine waterway openings.) 

~ No estimates were available of the amount saved by relaxing these 
~ standards. 

VARIOUS MANAGEMENT TECHNIQUES 
CAN REDUCE COSTS 

Several management techniques, such as alternate design, 
value engineering, and design and construct contracts (or the 
turnkey system), are also available to reduce bridge construction 
costs in appropriate situations. Overall, these are being used to 
varying extents by the States but to a very limited extent for 
off-system bridges. 

~ Alternate design 

Greater use of alternate design by the States is one of 
FHWA'S major objectives. This involves offering bidders 
alternate designs that they can choose from and bid on for the 
work. Generally, at least a structural steel and a concrete 
design would be offered. The purpose of alternate design is to 
take advantage of competition among the different types of 
materials and construction methodologies and to take into account 
the fluctuations in economic conditions from the time of design 
until the request for bids. According to FHWA, a cost savings in 
construction of 10 percent or more may be realized. 
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FHWA believes that alternate designs generally are desirable 
for bridges with multiple repetitive spans or long spans, major 
bridges, or where there is an extended period of design from proj- 
ect conception to a release for bids. FHWA headquarters officials 
told us that sometimes alternate designs can be appropriate for 
smaller bridge projects. If engineering costs for alternates 
exceed anticipated savings, alternates are not cost-effective. 

FHWA's policy to encourage the use of alternate design is 
implemented by its field offices. For the four States in our 
detailed review, alternate design generally was required or 
encouraged for bridges costing over $5 million. None of these 
bridges were off-system bridges. 

Although the States we visited for detailed review believe 
that alternate designs are not cost-effective for small bridges, 
some other States are using alternate designs for these bridges. 
For example, Arkansas, Louisiana, and Texas are now "testing the 
water” on alternate design for small, off-system type bridges. 
Pennsylvania requires that alternate design be considered for all 
bridges costing $50,000 or more unless waived by the State 
Secretary of Transportation. Georgia routinely lets very small 
bridge projects, primarily on local roads, with four alternate 
designs. According to FHWA, the State saved an estimated $12,000 
in fiscal year 1982 as a result. FHWA also reported apparent 
savings in construction costs of $17,472 when Kentucky provided 
two complete designs for contractors to bid as alternates on two 
small bridge replacement projects. 

Value engineering 

Greater use of value engineering to reduce bridge costs is 
also a major FHWA objective. Value engineering is the use of a 
multidisciplinary approach to identify the function of an item, 
establish a value for the function, develop alternatives through 
the use of creative thinking, and provide the necessary function 
at the lowest overall cost, considering its performability, 
reliability, and maintainability. 

FHWA officials told us that they do not have specific 
information on how much value engineering is used in bridge 
replacement and rehabilitation but bridges are generally consid- 
ered to be high-cost items and therefore good candidates for 
review by value engineering teams. They noted that their text 
"Value Engineering for Highways," used in FHWA-sponsored training 
courses, cited 16 examples of value engineering recommendations, 
and eight of the recommendations relate directly to bridges. 
Therefore, the officials concluded that a majority of value engi- 
neering savings are derived from brirlge projects. These 16 
examples are summaries of some typical results from team studies 
during 40-hour value engineering training workshops of highway and 
bridge clesigns that had undergone their last reviews and were 
ready to be advertised for bid. 

Our review of these examples indicates that value engineering 
princi:>lcs may be beneficial for the smaller bridges also. In 
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one example, a proposed 127-foot bridge with an estimated cost of 
$156,000 was recommended to provide for a 23-foot shorter span at 
an estimated savings of $49,000 or 32 percent of the original pro- 
posal. In another example, the width of a proposed bridge on a 
low-volume road was reduced from 42 feet to 36 feet to conform 
with standards for the projected traffic and the width of the 
adjacent highway. Fourteen percent, or $405,000, of the estimated 
$2.8 million, would be saved. In another example, a proposed 
$778,00.0 bridge was recommended to be replaced with a multiplate 
arch culvert with the desirable hydraulic characteristics of the 
stream being preserved. The estimated savings was $537,000, or 69 
percent. 

Some States have also applied value engineering to items such 
as their standards for bridge width for potentially significant 
savings. For example, Maryland estimates that it will save $16 
million on bridges currently in the design stage as a result of 
its value engineering of State bridge width standards. Maryland's 
bridge width standards had been AASHTO's desirable minimums rather 
than the absolute minimums, but value engineering showed that the 
standards could be reduced to the absolute minimums. The bridges 
in the design stage were redesigned to the lesser widths, result- 
ing in the cost savings. FHWA division and State officials do not 
believe that the change will have an adverse impact on safety. 

Turnkey projects 

A few'states have also started to use the turnkey system for 
small bridge projects. Under this system the contractor is given 
responsibility for design as well as construction of the bridge. 
Kentucky and West Virginia have tested the concept on small 
bridges and were pleased with the results. The low bid on the 
Kentucky project was $186,407, or about $25,000 less than the 
State estimate of $212,000. Also, from the start of design to 
completion of the bridge was'only about 6 months as compared to 
the 2 to 3 years for a normal Federal-aid bridge project in the 
State. 

In West Virginia, the State offered contractors a choice of 
following a design provided by the State or bidding for original 
design and construction as one package. The low bid, using the 
turnkey alternate, was $660,230, or $99,770 less than the State's 
estimate. The highway department is "pleased" with the results 
and is considering using the concept again. 

CONSTRAINTS TO GREATER USE OF INNOVATIVE 
TECHNOLOGY AND MANAGEMENT TECHNIQUES 

Innovative technology and management techniques are not being 
used to a greater extent for a variety of reasons. Some bridge 
engineers told us that when it comes to using innovative materials 
and construction techniques they are concerned about the possible 
poor performance of the innovations. Poor performance can 
threaten the safety of those who will use the bridges or shorten 
the life of bridges, which are expensive, and increase maintenance 
costs. Bridge engineers are also concerned about tort liability. 
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In many States, State and local government officials are person- 
ally liable for the decisions they make as public officials. 
Thus, they are fearful that if an accident occurs at a bridge, for 
example, the bridge engineer will be sued in court as an individ- 
ual and may face Einancial disaster if the accident is tied to one 
of his/her decisions regarding the bridge's design and construc- 
tion. One county engineer told us that at conferences and selni- 
nars county engineers used to discuss how to do things better, but 
now they discuss tort liability and how to avoid lawsuits. A 
State bridge engineer told us that the concern over tort liability 
is not just a factor in the bridge engineer's decisionmaking, it 
is in the forefront. 

FHWA has several programs to provide research and development 
and disseminate information on innovative materials and tech- 
niques to State and local officials. For example, the purpose of 
its Demonstration Projects Program is to show, by actual demon- 
stration, State and local highway personnel how research results 
can be applied to an actual situation. 

CONCLUSIONS 

Various innovative technology and management techniques have 
the potential to reduce off-system bridge costs. Some innova- 
tions, such as usiny certain long-span culverts rather than build- 
ing conventional bridges, have substantially lowered bridge 
costs. For example, the use of culverts on three projects in New 
Hampshire could have saved over $500,000. Culverts are not appro- 
priate for all locations and may not always be the most cost- 
effective but their use should be considered where hydraulic con- 
ditions permit. Such consideration is especially important be- 
cause of the large number of deficient off-system bridges and the 
limited resources to address the problem. Another consideration 
is force accounts. Their use can reduce bridge costs but had gen- 
erally been discouraged even on relatively small projects. Of 
course, a major consideration is the technical capabilities and 
experience of force account personnel. Safety and long-range cost 
considerations are also ilnportant concerns when considering the 
use of any innovation. In this regard, we believe that it is 
important that FHWA continue to help make State and local offici- 
als aware of innovations. The proper use will depend on the 
actions of the State and local officials. 

AGENCY COMMENTS AND OUR EVALUATION 

DOT said that FHWA agrees that it should continue to have an 
ongoing program to make States and local governments aware of new 
technological advances and innovations which will result in more 
cost-effective structures. DOT also said it will continue to co- 
operate and work with State and local governments and with other 
organizations to ~levelop and disseminate information on new 
technology aqd innovations to build cost-effective bridges. 

DOT commented that long-span culverts are indeed viable 
alternatives to conventional bridges at a good percentage of loca- 
tions. According to DOT, these structures require detailed 
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design and construction control supervision and they should not be 
constructed without a knowledgeable engineer on the project. 
DOT's other comments on long-span culverts and standards plans 
have been incorporated into the appropriate sections of this 
chapter. 

STATE COMMENTS AND OUR EVALUATION 

The Secretary of Transportation for the State of Kansas told 
us that his department will be observing steel and/or aluminum 
long-span culverts built with local funds to compare their life 
with that of concrete. He said that if favorable results are 
observed, the dep rtment will reevaluate its current position of 
using mostly concrete box structures for shorter bridges. He also 
told us that, as a result of the 1982 Surface Transportation 
Assistance Act, the department is revising its force account pro- 
cedures to allow counties to build small bridges by the force 
account method when it would be cost-effective. The Kansas Secre- 
tary of Transportation also commented that the department consid- 
ers alternate design on all expensive projects. He suggested that 
it might be appropriate to provide alternate designs whenever the 
structure is estimated to cost more than $1 million. He also sug- 
gested that alternate designs to steel always be considered in the 
design process due to current steel prices. 

The Secretary of the Vermont Agency of Transportation told us 
that based on their experience with consultant designs on off- 
system projects, the turnkey system would not be a good way to 
reduce costs on Vermont projects. 

The Director of the Iowa Department of Transportation said 
!long-span culverts are not cost-effective where material costs are 
brohibitive or soil and water conditions provide for rapid deteri- 
i3ration of metal surfaces or cannot maintain stable flow lines. 
Ye also said it is questionable whether complete alternate designs 
are cost-efEective on single-span local bridges, but the savings 
can accrue through predesign discussions and a single design. The 
Director further commented that Iowa has provided standard plans 
to counties for over 60 years and they are continually looking at 
ways to update and improve those standards as the technology 
changes. 

We appreciate the additional comments and information on the 
examples of innovations presented in this chapter. We recognize, 
,as pointed out earlier, that innovations are not always appro- 
priate for a site, and the experience with some may not be suffi- 
cient to warrant wide application. Innovative materials, designs, 
construction, and management techniques, however, offer potenti- 
ally substantial cost savings and should be appropriately consid- 
ered in the design and construction of off-system bridges. 
Turnkey projects, for instance, may not be cost-effective in 
Vermont if it is a question of contracting out for design services 
versus doing the design with State personnel. If a design is to 
be performed under contract as is often done in some States be- 
cause of a shortage of staff, the tllrnkey system may be cost- 
effective. Efforts such as that of Kansas to at least observe 
long-span culverts in use are beneficial. 
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CHAPTER 5 

OFF-SYSTEM BRIDGE STANDARDS SHOULD 

BE CLARIFIED 

The standards that bridges are built to can greatly affect 
their cost. Building to lower standards can reduce costs but may 
not be cost-effective in the long run because lower standards may 
result in safety problems, higher maintenance costs, a shorter 
bridge life, or a less aesthetically pleasing bridge. Building to 
higher standards may avoid these problems but higher than needed 
standards unnecessarily increase costs. National (AASHTO) stand- 
ards represent the collective judgment of the members of many 
organizations responsible for highway and bridge design and con- 
struction as to the best guidance for meeting safety and traffic 
service requirements over the life of the highway or bridge. It 
is generally agreed, however, that national standards cannot be 
developed that would reasonably apply to all situations, and some 
exceptions to the standards are needed. Some highway officials 
also question whether the national standards, which they believe 
were developed primarily for the Interstate and Primary Systems, 
are applicable to local bridges, which are often rural with low 
volumes of traffic and on roads built to lower standards. 

FHWA allows for exceptions to build below the standards on 
Federal-aid projects but provides only general guidance to its 
division offices and the States on when to make exceptions. Also, 
FHWA and the States generally consider the standards to be minimum 
ones, and the States have considerable flexibility to exceed the 
standards. As a result, the States vary in how they apply the 
standards and when they request exceptions. FHWA division offices 
vary in the type of exceptions they approve and under what condi- 
tions. Local officials often substantially differ with both FHWA 
and the States on applying the standards to local bridge proj- 
ects. The standards that apply to a particular bridge depend 
first on who is providing the funds for the project. If it is 
federally assisted, the standards that apply depend not only on 
the volume of traffic, the terrain, and so forth, but they also 
depend on which State the bridge is in, the division office, and 
who makes the final decision on how the standards are to apply. 
Further guidance on off-system bridge standards is needed to 
ensure that the bridge program provides for the replacement/ 
rehabilitation of as many off-system bridges as possible that are 
safe and adequate, have a reasonable life, and do not require 
excessive maintenance. 

LOCAL OFFICIALS BELIEVE FEDERAL-AID BRIDGES 
ARE TOO COSTLY AND TAKE TOO LONG TO BUILD 

Many local governments have expressed concern that bridges 
replaced under the Federal bridge program are too expensive. 
According to some of these officials, they can replace up to two 
or three bridges with their own funds to every one bridge with 
Federal funds. Some have even stated that they build bridges 
for as little as 20 percent of the cost of Federal-aid projects. 
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On occasion, some local officials have refused Federal assistance 
for a bridge because they considered the proposed project cost to 
be too high even if they have to pay only a small percentage of 
the cost. Much of the cost difference is attributed to what local 
officials consider "overdesign" of the federally assisted bridges 
or "too much bridge" for their needs. Local officials are also 
unhappy with the time it takes to complete Federal-aid projects. 
On the other hand, some FHWA and State officials have expressed 
concern that local governments build to standards that are too 
low, and the bridges may not be as safe or last as long as they 
should. 

Our review showed that local governments often do build 
bridges with their own funds that cost less than the bridges the 
State highway departments design and build under the Federal 
bridge program. The major portion of the cost differences is the 
type of bridge selected for construction and the standards to 
which the bridges are built. 

The town of Enfield, New Hampshire, for example, recently 
replaced a bridge without any Federal or State aid. The State 
Department of Public Works and Highways had inspected the old 
bridge and suggested it be posted for a 3-ton, passenger cars 
only r weight limitation. Because the bridge was on a school bus 
route and a school bus would exceed the limitation, the town 
requested State assistance, and in January 1981 received a State 
estimate of $260,000 to replace the bridge. The estimate included 
a statement that the State could not begin to rebuild the bridge 
for 3 years because of its present workload. 

Enfield town officials found both the cost and time frame 
unacceptable. They believed the proposed State bridge was over- 
designed for their needs and considered other options. The se- 
lectmen (town officials) decided to use twin aluminum structural 
plate pipe arches. The town closed the bridge and completed con- 
struction with its employees and the assistance of a structural 
plate pipe company engineer in 5 to 6 weeks, thus eliminating the 
need for a $40,000 temporary bridge. According to a town offi- 
cial, the bridge meets the State's minimum load requirements. 
Town officials consider the new structure to be functionally com- 
parable to the structure proposed by the State and was built at 
substantial cost savings. At the time of our review, the town has 
spent $46,000 for the bridge and town officials believed a final 
cost estimate would be about $55,000, or $205,000 less than the 
State estimate. On the next page is a photograph of the new 
Enfield bridge. The guardrail was scheduled to be added in the 
spring. 



The State bridge engineer could not cite anything wrong with 
the Enfield bridge but added he would have reservations about the 
bridge unless he knew how Enfield installed the pipe arches. He 
stated he would not have built that particular bridge type at that 
location because he believes the middle pier between the two pipes 
could cause an ice or tree jam and result in a Elood or loss of 
the bridge. Enfield's administrative assistant told us, however, 
that the lake which the bridge is across has slow flowing water, 
lessening the chance for ice and tree jams. The New Hampshire 
Water Resources Board approved the structure’s waterway opening. 

The State of New Hampshire has been replacing an average of 
about six Secondary and off-system bridges annually at an average 
cost of $250,000 to $500,000 each. In comparison, New Hampshire 
has over 1,100 deficient Secondary and off-system bridges, most 
of which are the towns' responsibility. ??ot all these need 
immediate replacement but the figures do indicate why Enfield and 
other towns are concerned about the cost of State-designed 
bridges. 

The following three examples further illustrate the different 
philosophies Federal, State, and local officials have toward off- 
system bridge replacement and the Federal bridge program. 

Lomala Bridge 

The Lomala Bridge in Dutchess County, New York, was built in 
1930 across a creek between the towns of Fishkill and East Fish- 
kill. It is 81 feet long and about 11 feet wide (one lane) with 
no sidewalks. The bridge has an average daily traffic of about 
200 vehicles and primarily services a residential area of single- 
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family homes, with only minor growth expecte:] in the surrounding 
area. The bridge is on a one-lane, two-way traffic road between 
the towns and is in a flood-prone area. The original owner/ 
builder of the bridge is not known and for many years jurisdic- 
tional responsibilities were questionable and little maintenance 
was done on the bridge. 

In 1975 the bridge's deteriorating condition prompted the 
towns to request that the county accept responsibility for the 
bridge. Subsequently, the County Department of Public Works made 
an engineering study for the bridge's repair and/or replacement 
but neither the towns nor county committed to implement the recom- 
mendations. The study presented two alternatives: a bridge cost- 
ing $130,000 and another costing $100,000. Both proposed struc- 
tures were to be 240feet wide but the more expensive structure 
provided a larger waterway opening beneath the bridge. 

In June 1979 the county applied to the New York State Depart- 
ment of Transportation for the bridge to be included in the 
State's Federal-Aid Bridge Reconstruction Program. In December 
1979 the county received a State Department of Transportation pro- 
posal for a replacement bridge 81-feet long and 24-feet wide with 
considerable alterations to road approaches and widening and rais- 
ing of grades to contain high water flow through the bridge and 
eliminate flooding of road approaches. The State would pay 15 
percent of the estimated $900,000 cost and the towns would equally 
split the other 5 percent ($22,500 each) of the required 20- 
percent match for the Federal bridge program. 

In July 1980 county and town officials met with State offi- 
cials to discuss the bridge, and town officials requested that the 
project's scope be scaled down to reduce the cost. A State offi- 
cial at the meeting indicated that the Federal program had spe- 
cific standards that must be met, and using the minimum standards 
the price would be about $900,000 but he agreed to request the 
FHWA division office to review the bridge site to clarify the min- 
imum design standards for the project. In.May 1981 the State sug- 
gested that the county and towns outline what they consider the 
appropriate engineering solution and write directly to the State 
Commission of Transportation and FHWA to determine whether Federal 
and State participation was possible. 

In August 1981 the county forwarded its engineering study 
with three project alternatives. The first alternative was a 
replacement bridge 76-feet long and 22-feet wide of prestressed 
concrete box units supported by concrete abutments. This new 
structure would provide more waterway area than the old bridge but 
substantially less approach work than the State proposed. The 
cost would be $250,000. The second alternative was a replacement 
structure comprised of a series of corrugated steel pipe arches 
with minimal approach work at a cost of about $150,000. The 
waterway area would approximate the area of the existing bridge. 
The third alternative was to remove the existing bridge and termi- 
nate both road approaches with permanent turning circles. The 
cost would have been about $50,000 and the longest detour would 
have been about 1.5 miles. The county recommended the first 
alternative. 
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Dutchess County has received informal approval from the State 
to replace the bridge with a loo-feet long, one-lane bridge. The 
total project cost would be about $400,000 with the State paying 
10 percent and the towns paying 5 percent each for the required 
20-percent match. According to the State Department of Transpor- 
tation Regional Planning Engineer, county, State, and Federal 
officials had discussed the issue and reviewed plans and standards 
at great length since August 1981. He is confident that all par- 
ties will agree on the $400,000 project. Project completion is at 
least 2 years away, or over 5 years after the county first applied 
to the State for assistance. The Regional Planning Engineer told 
us that the Highway Bridge Replacement and Rehabilitation Program 
is beginning to "jell" as FHWA begins to understand the needs of 
the local governments and off-system bridges and grant exceptions 
to the standards. 

Bryant Pond Bridge 

The Bryant Pond Bridge in Putnam County, New York, is over 
the Peekskill Hollow Creek and was built in 1930. It is 31-feet 
long and 17.4-feet wide from one curb to the other with no side- 
walks. The bridge is on a 14-foot-wide, two-way traffic, asphalt 
roadway without shoulders and serves a rural residential area. 
The narrow roadway, steep grades, and sharp curves make the aver- 
age operating speed on the road about 30 miles per hour or less. 
The annual average daily traffic was estimated to be 450 vehicles, 
with no significant development expected in the area. The town of 
Putnam Valley is responsible for the bridge's maintenance. 

Based on an August 1978 State inspection, the bridge is con- 
sidered to be seriously deteriorated and potentially hazardous. 
In April 1981 the State Department of Transportation, at the 
county's request, completed the "Problem Definition and Project 
Proposal" report for Federal bridye program funding to replace 
it. The project proposal report added the bridge to the depart- 
ment's work program and recommended a bridge with two lo-foot 
lanes and two 2-foot shoulders on the existing alignment, with no 
sidewalks. The maximum length of the project would be 400 feet, 
including approach roadway work, at an estimated cost of $400,000. 

In February 1982 the State decided that the project should be 
designed for a 35-mile-per-hour speed and that the shoulders 
should be 3-feet wide instead of 2 feet. The estimated cost of 
the bridge project was about $644,000 broken down as follows: 
preliminary engineering (performed by a consulting fir!n), 
$194,000; right-of-way, $10,000; bridge construction, $200,000; 
approach work, $200,000; and construction engineering, $40,000. 
The project was at a standstill because the county objected to the 
cost, and the County Commissioner of Highways had asked to meet 
with the State to come up with an alternative. The county had 
proposed a 21-foot-wide bridge project costing $240,000. 

41 



Hospital Bridge 

The Hospital Bridge in Sierra County, California, is over the 
Downie River on Main Street in Downieville, California. It was 
built in 1902 and is on a one-lane, two-way traffic, paved road 
through a residential section of the town that becomes a dirt road 
a short distance after crossing the bridge in one direction. The 
one-lane bridge is 12-feet wide from one bridge rail to the other 
and 102-feet long. It crosses a steep canyon and gorge formed by 
the river and has high mountains on one side and a drop on the 
other side. The average daily traffic is 164 vehicles and is pro- 
jected to increase to about 400 in 20 years. According to county 
officials, the rc,,d the bridge is on will always be one lane be- 
cause of geographic constraints and the prohibitive cost of addi- 
tional right-of-way. Downieville has a population of 320 people 
and the county's population is 3,081. 

The bridge is in poor condition and requires major repairs or 
replacement. The county asked for State assistance and the State 
selected the bridge for funding under the Federal bridge program. 
The State proposed a two-lane, 24-foot-wide bridge costing about 
$425,000. The county would have to pay the required 20-percent 
match-- about $85,000-- for the Federal funds. 

For about a year, the county argued with the State and FHWA 
that a one-lane bridge would be sufficient. The county's argu- 
ments were that the road the bridge is on will always be one lane 
and a two-lane bridge would mean destroying the river frontage of 
three residential properties. In September 1982 the State Depart- 
ment of Transportation verbally agreed on a one-lane bridge. In 
December 1982 the county sent the State Transportation Department 
'a formal request for an exception to the two-lane standard. The 
next step will be for the State to request an exception from 
'FHWA. However, a State official told us that the county would 
have to submit additional information and documentation and hold a 
public hearing on the issue before formal approval is granted. 
One State oEficia1 told us he personally believes the county is 
being shortsighted because timber that may be harvested some day 
is on one side of the bridge and a wider bridge would be needed to 
bring the timber across the bridge. But he believes the one-lane 
bridge will be approved. An FHWA headquarters official familiar 
with this bridge told us that the projected traffic volume and the 
likelihood of logging trucks using the bridge would make a orle- 
lane bridge unsafe. 

After the county turned down the plans for the two-lane 
abridge, the State Department of Transportation's policy committee 
rrevised the criteria used to prioritize bridges so that bridges 
~with high average daily traffic are replaced first. Recause the 
~Hospital Bridge has a low traffic count and the county population 
l is so small, the bridge has dropped to a lower priority. Accord- 
ping to State officials in January 1983, it could be 5 years or 
imore before the bridge is constructed, 
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VIE APPLICATION OF NATIONAL STANDARDS 
TO OFF-SYSTEM BRIDGES NEEDS TO 
BE CLARIFIED 

FHWA has worked with the States, primarily through AASHTO, to 
develop national standards for bridg e design and construction that 
have been adopted by FHWA for use on federally assisted projects. 
FHWA division offices have worked with the individual States to 
agree on implementation of the standards within the respective 
States. FHWA provides general guidance to its divisions and the 
States on applying the standards. However, in examining off- 
system bridge projects, we found that inconsistencies were occur- 
ring in how the standards are applied and when exceptions are 
granted. We believe the appropriateness of the standards and the 
granting of exceptions need to be clarified because standards can 
substantially affect project costs, lnaintenance requirements, and 
possibly safety. The large number of deficient bridges and lim- 
ited funds require that project costs be kept as low as possible 
without unduly affecting safety and long-range costs. 

Federal bridge standards are mostly 
developed by the states 

The major standards applicable to bridge design and construc- 
tion under the Federal bridge program generally fall into one of 
two categories: (1) geometric design standards and (2) structural 
design standards and standard specifications. These, for the most 
part I were developed and issued by AASHTO. 

AASHTO represents the 52 State highway and transportation 
agencies (including the District of Columbia and Puerto Rico). 
Its members consist of the heads and other chief directing offi- 
cials of these agencies, with the U.S. Secretary of Transportation 
as an ex officio member. FHWA and other Department of Transporta- 
tion 0Eficials participate in various AASHTO committees and activ- 
ities as nonvoting representatives. Among other functions, AASHTO 
rlevelops and issues standards, specifications, policies, guides, 
and related materials for use by the State on all highway proj- 
ects. FHWA must independently review and adopt these, including 
any revisions, before they can be applied on Federal-aid proj- 
ects. Some of the standards established very specific minimum 
criteria while others are very general. 

Geometric highway (and bridge) design pertains to the design 
of the visible features of the highway and may be thought of as 
the tailoring of the highway to the terrain, to the controls of 
land space usage, and to the requirements of the highway Iuser, 
individually and collectively. Geometric design includes elements 
such as roaclway and bridge width, sight distance, curvature, 
alignment, vertical clearance, and so forth. AASHTO has pub- 
lished geometric design standards, policies, and/or guides for 
various types of roads and highways (including bridges), including 
freeways, rural highways, local roads and streets, and so forth. 
FHWA requires that federally assisted projects comply with the 
appropriate AASHTO standards it (FHWA) has approved. 
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The geometric design criteria for off-system bridges are 
those approved by the FHWA division administrator in each State. 
Most off-system roads and streets are local. Therefore, the 
national standard that is applicable to off-system bridges is 
AASHTO's 1970 publication, "Geometric Design Guide for Local Roads 
and Streets." According to FHWA, this publication is for use as a 
guide. The criteria established by the guide are general:: incor- 
porated into the States' Secondary Road Plans and similar agree- 
ments. 

Structural design standards and standard specifications con- 
tain policies, specific criteria, and controls for the actual 
design and constr?.ction of highways and bridges and related items 
such as guardrail and bridge railing. These standards include 
hydraulic design criteria, specifications for construction materi- 
als and procedures, testing of materials, and so forth. 

Provisions for exceptions to the 
standards 

FHWA permits the States to make exceptions to build below the 
standards on a project basis by obtaining the approval of the 
FHWA division offices. Exceptions may be requested-and given for 
projects involving experimental features or unusual conditions. 
According to Federal regulations and FHWA instructions, an excep- 
tion is to be made only after due consideration is given to all 
project conditions such as maximum service and safety benefits for 
the dollar invested, compatibility with adjacent sections of unim- 
proved roadway, and the probable time before reconstruction of the 
section due to increased traffic clelnarl~'lu (>r changed conditions. 

The States and FHWA division offices generally decide on how 
the standards are to be applied to Eederally assisted projects and 
khen exceptions to the standards are to be made. FHWA guidance to 
the division offices and the States on the standards and excep- 
tions is very limited. FHWA believes that the decisions on the 
standards and exceptions can be made best at the division level 
because the divisions have a closer and better understanding of 
local conditions, and conditions can vary from State to State. As 
discussed later in this chapter, we recognize the need for the 
divisions to have flexibility in this regard, but we believe addi- 
tional guidance on off-system bridge projects would be beneficial. 

lFHWA and State application of the 
standards varies 

With regard to off-system bridge projects, FHWA divisions 
vary in the types of exceptions that they grant and the State 
highway departments vary in their application of the standards 
,and the exceptions requested. 

Building below minimum standards 

New Hampshire seldom requests FHWA exceptions. (31 the rare 
occasions the State requests exceptions, it is usually to lower 
the design speed or to modify the required alignment. It has 
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never requested a bridge width exception and does not build one- 
lane bridges. The State bridge engineer believes that the State 
has many bridges too narrow but none too wide. Moreover, he 
believes the State's population is growing and a one-lane bridge 
lnay become obsolete before its useful life is over. FHWA's New 
Halnpshire nivision bridge engineer agrees with the State's policy 
of not building one-lane, two-way traffic bridges. 

According to State of Vermont officials; the State builds to 
minimum standards in most situations but will go below standards 
if such actions can be justified. State officials could think of 
only one example where a bridge was built below standards and 
could not be justified to the FHWA division's satisfaction. The 
one-lane bridge was funded with only State and local funds. The 
State and town are satisfied with the results. 

The State has deviated from the standards in other situations 
but only with the approval of the FHWA division office. The most 
frequent bridge exception requested is for width. AASHTO stand- 
ards and Vermont's Secondary Road Plan call for a minimum two- 
lane, 24-feet-wide bridge, but five of the 23 off-system bridges 
replaced by the State in fiscal year 1981 under the Federal bridge 
program were one-lane. These five bridges all had an average 
daily traffic of less than 50 vehicles. 

Both Iowa and Kansas Secondary Road Plans provide for excep- 
tions. Kansas has requested exceptions Ear flood plain and align- 
lnent on new construction projects and width on rehabilitation 
projects. All were granted by FHWA. Kansas would like exceptions 
to the bridge rail requirements but has not requested an exception 
because they believe it would not be approved. Kansas has omitted 
approach guardrail on certain bridges at the request of counties. 
According to State officials, Iowa also has received approval of 
exceptions dealing with flood plains on new construction and 
bridge width on rehabilitation projects. For certain bridges, 
Iowa had been eliminating approach guardrail and would have liked 
exceptions on bridge rails for these but had made no requests as 
they " knew" the requests would not be approved. The State, how- 
ever, is now requiring approach guardrail on all bridges, in 
accordance with Federal guidelines. 

FHWA Iowa and Kansas division officials stated that they con- 
sider AASHTO as the minimum standards and discourage exceptions 
even on low-volume, off-system bridges. Iowa division officials 
stated that if they receive requests for exceptions, they consider 
them on a case-by-case basis. Kansas officials stated they would 
approve exceptions only if safety was not a factor. 

State officials in both Iowa and Kansas would like clear 
guidelines setting out what exceptions will be granted and how 
they should be justified. As a result of our review, the Iowa 
FHWA division ofEice may develop a policy statement on exceptions, 
and the Iowa Qepartment of Transportation was developing more 
definitive guidelines for the counties. 
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Building above minimum standards 

Building above AASHTO minimum standards does not require FHWA 
approval. FHWA division offices, however, have taken different 
approaches to the States exceeding the standards. The FHWA New 
Hampshire division bridge engineer told us that the State Depart- 
ment of Public Works and Highways, as well as FHWA, is geared 
toward building Interstate-type bridges which require high stand- 
ards and carry heavy traffic volumes and loads. He believes FHWA 
and the State no longer can afford this type of bridge for the 
off-system, but FHWA's philosophy has been to let the States 
decide their needs. According to the FHWA bridge engineer, the 
bridge program is a State program and if a State chooses to exceed 
a minimum standard, it is the State's decision. 

In contrast, the Iowa FHWA division approved Iowa's Secondary 
Road Plan which exceeded AASHTO minimum standards in some re- 
spects, but it did not approve Iowa's practice of building bridges 
which exceed the plan. The Iowa Department of Transportation was 
routinely approving 28- to 30-feet-wide bridges on low-volume 
gravel roads. Both the plan and AASHTO require only 24-feet-wide 
bridges in these circumstances. Since August 1982, Iowa is 
approving bridges wider than the Secondary Road Plan standards 
only when individually justified. 

In Nebraska, several county boards have passed resolutions 
that all bridges built in their counties be at least 30-feet 
wide. As a result, FHWA established a policy that on roads with 
an average daily traffic of 250 vehicles or less, Federal funding 
is limited to the cost of 28-feet-wide bridges. 

Other States, however, recently have questioned their own 
~ bridge standards. The State of Maryland applied value engineering 
to examine State bridge width standards. Maryland standards for 
bridge width was the AASHTO desired minimum rather than the abso- 
lute minimum. After reconsidering the standards, Maryland reduced 
them to the AASHTO minimum. These standards apply to the 
Federal-aid and State highway systems. FHWA's Georgia division 
and the State of Georgia recently evaluated the standards in use 
for bridge widths. As a result of the review, the State's stand- 
ards are to be modified on low-volume roads to more nearly conforril 
to AASHTO minimums. According to division officials, the revision 
will result in more efficient use of funds and replacement of more 
bridges. They cited the example of three bridges designed 
30-feet wide when reevaluation showed that 24-foot width would be 
appropriate considering the class of road, traffic volumes, and 

I operating speeds. The plans were changed with an estimated 
~ $100,300 in construction savings on the three bridges. 
) Below is a discussion of three areas of bridge standards-- 
) bridge width, approach guardrail and bridge railing, and hydraulic 

design-- that illustrate the impact of the standards on oft-system 
' bridge design. 
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Bridge width 

SOme FHWA, State, and local officials have expressed concern 
as to whether bridges should be replaced to the standards for new 
construction. The off-system, consisting of over 3-million miles 
of highways and roads, generally was not constructed to today's 
standards. In fact, much of it is unpaved and narrow. Since it 
appears doubtful that local governments can afford to upgrade all 
this mileage to new construction standards, it becomes less essen- 
tial to make off-system bridges conform to new construction stand- 
ards. In this regard, an FHWA Associate Regional Administrator 
for Engineering and Operations, responding to an informal FHWA 
request to its field staff for comments on highway design stand- 
ards, stated: 

rt* * * Standards that have been developed over 
time with considerable professional input make an 
ideal guide, but only a guide. When the emphasis 
on safety was impacting us at every turn, there 
were many who were paranoid with standards. We 
have bridges that did not get the deck rehabili- 
tation that was warranted because of a ridiculous 
stand taken by local FHWA on minimum acceptable 
width. We have excessively wide bridges (consid- 
erably wider than approach roadways) at locations 
where the roadway is not scheduled or planned for 
improvement and width was based entirely on 
application of a standard and not judgement." 

FHWA headquarters officials told us that considering the long 
50-year life of a bridge, it should be built to current geometric 
criteria if there is a reasonable chance of upgrading the roadway 
in the foreseeable future. They added that if there is no chance 
of upgrading the roadway, lower criteria may be appropriate, but 
each case must be evaluated to be sure that safety and operations 
are not jeopardized. FHWA, however, has only general guidance to 
assist FHWA and State officials in making these decisions. 

Controversy concerning the acceptability of one-lane bridges 
illustrates the need for such guidance. When off-system bridges 
became eligible for the program in fiscal year 1979, FHWA head- 
quarters officials' position was that the minimum width of a 
bridge built under the program should be 24-feet wide and no one- 
lane, two-way traffic bridges should be built. This position, 
however, was not consistently applied. As previously mentioned, 
the FHWA Vermont division office had been routinely approving 
one-lane bridges with low traffic volumes and serving only a few 
houses. At the same time, the State of Maine was proposing to 
build one-lane bridges with Federal funds on low-volume roads, but 
FHWA did not grant an exception. 

Until recently the FHWA division office in California made it 
known that it would not approve building a bridge less than 24- 
feet wide under the program. As a result, the State never re- 
quested an exception for a one-lane bridge even though some local 
governments wanted to build them. The alternatives given local 



officials were to build a two-lane bridge with Federal funding nr 
build the one-lane bridge without it. The FHWA California di\li- 
sion office now believes that one-lane bridges may be appropriate 
in some cases and has formal criteria for when it will approve a 
one-lane bridge. 

Bridge railing and approach guardrail 

Bridge railing and approach guardrail standards are a major 
issue in some States and not an issue in others. Vermont and New 
Hampshire State officials generally have no problems with the 
standards and build to AASYTO specifications. Kansas, Iowa, and 
other States, such as Wisconsin and Tennessee, believe that the 
standards should be applied in a more flexible manner for smaller, 
low-volume, off-system bridges. These States, however, were pro- 
ceeding differently. 

Iowa 

Since the late 1960's, Iowa has not required approach guard- 
rails for bridges wider than 26 feet when the entire roadway was 
carried across the bridge. Bridge rails, however, were required. 
The number of bridges with unprotected bridge railsaincreased as 
off-system bridges became eligible for Federal funding. The 
unprotected bridge rails, in the opinion of some FHWA engineers, 
presented a greater hazard than a bridge without a rail. In Sep- 
tember 1980, the FHWA Iowa Division cited a conflict between 
AASHTO's Standard Specifications for Highway Bridges and AASHTO's 
Guide for Selecting, Locating, and Designing Traffic Barriers and 
requested from the FHWA regional office a blanket exception to the 
bridge rail requirements for certain short, low-volume bridges on 
gravel roads where the distance to the stream bed is 10 feet or 
less. AASHTO's bridge specifications require bridge rails with 
appropriate end treatment on all bridges. Appropriate end treat- 
f!lent of the railing usually involves approach guardI-ai1 to protect 
motorists from running into the railing and from running down the 
bridge embankment before they reach the bridge. The barrier guide 
recognizes that many bridges on low-volume, rural roads do not 
have guardrail to shield the bridge rail and suggests that this 
condition is more hazardous than the elimination of the bridge 
rail. It provides a methodology for determining when bridge and 
approach guardrail can be eliminated. 

The FHWA regional office denied the request for a blanket 
exception but referred the question of the conflict between the 
AASHTO briidg e specifications and barrier guide to FHWA's Bridge 
Division Chief. The Chief Bridge Engineer decided that the bridge 
specifications should prevail and wrote that he believed all 
bridges should have crash-worthy bridge rails and approach guard- 
rail. All FHWA divisions in the region were advised of this 
decision. 

FHWA's Iowa Division, however, conducted a cost analysis in 
~ accordance with the AASHTO barrier guide and found that for the 
'low-volume county bridges: 
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--Neither bridge rail nor approach rail is cost-effective 
when the average daily traffic is below 300 (unless some 
other site specific hazard is present). 

--When average daily traffic is above 300, bridge rail with 
full approach treatment is most cost-effective. 

--It is never cost-effective to build a bridge rail without 
appropriate treatment to protect motorists against hitting 
the end of the bridge rail. 

On the basis of this study, they again requested permission 
in November 1981 to eliminate bridge rails. This request applied 
only to Secondary and off-system bridges less than loo-feet long 
with average daily traffic less than 300. They noted that this 
would only apply to about 12 Federal-aid bridges each year but 
that it would avoid about $168,000 in cost for the required bridge 
railing and approach guardrail. However, only an additional 
$60,000 for the bridge rails would actually be saved as the' 
approach rails were still not being used. This request was for- 
warded to FHWA headquarters by FHWA Region 7. No formal action 
has been taken to date nor is any expected until AASHTO decides 
the issue. AASHTO is currently considering the proposal by a 
county engineer in Kansas to amend the specifications to allow the 
use of the barrier guide to determine if bridge rails are needed 
on short-span bridges over shallow streams. Iowa officials told 
us that the State is currently not approving exceptions in 
approach guardrail, as per Federal guidelines. According to the 
officials, the department and the FHWA division office are con- 
tinuing to, explore the area, and future decisions must weigh the 
trade-off of construction and maintenance costs versus tort claim 
costs. 

Kansas. 

Historically, Kansas has required bridge rails with appropri- 
ate end treatment on all Federal-aid bridges. Even before the 
off-system bridges were eligible for Federal funding, the Kansas 
Department of Transportation began receiving requests to elilninate 
both bridge and guardrail from reinforced concrete box bridges 
over shallow streams. As the off-system bridges became eligible 
for Federal funding, the number of these requests increased 
according to department officials. The department issued instruc- 
tions in October 1980 that 

--allowed approach guardrail to be omitta(l from bridges with 
average daily traffic of 400 or less if justified by the AASHTO 
barrier guide and 

--allowed both the bridge rail and guardrail to be omitted 
from reinforced concrete box bridges where the bridge opening was 
low (4 to 6 feet). 
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Approach Guardrail And Bridge Railing On A Federally 
Funded Project In Kansas. 

Approach Guardrail Left Off Of A County-Funded 
Bridge In Kansas. 
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Four months later the department rescinded this policy on the 
basis of the FHWA Bridge Division Chief’s response to the Iowa 
FHWA Division’s request. In January 1982 after discussions with 
FHWA Kansas Division officials, the department again allowed the 
use of the AASHTO barrier guide to decide whether to eliminate 
approach guardrail, but they continued to require bridge rail. 

Data on the number of bridges where only,the approach guard- 
rail would be left off were not available, but both bridge and 
guardrail would likely have been omitted from only 4 of the 97 
federally funded bridges let for bid in Kansas from October 1980 
through June 1982. These were reinforced concrete box bridges 6 
feet or less in depth. Detailed cost data available for three of 
these bridges illustrate the potential for savings on small 
bridges if-the bridge 

Length and 
Example width of 
number bridge 

(feet) 

1 32x30 

2 32x26 

3 43x30 

rail a& approach guardrail are eliminated. 

Total 
cost 

Bridge railing and guardrail 
Percent of 

$45,067 

27,625 

35,011 

costs total cost -- 

$3,975 9 

7,554 27 

4,932 14 

In commenting on our draft report, the Secretary of Transportation 
for Kansas told us that they have not requested exceptions to 
bridge rail but they have omitted approach guardrail at a county’s 
request and after a cost-effectiveness analysis has been performed 
and justified an exception. 

Many local officials would like to see the bridge railing and 
approach guardrails eliminated because it is more convenient for 
farmers to inove their farm machinery across the bridges. In some 
areas, farmers have reportedly removed the railing and guardrail 
from the bridges they use. The following photograph shows a 
bridge where farmers have r 2portedly knocked off the top portion 
of the rail 80 thry can move their equipment across. The bridge 
is scheduled for replacement. 
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Wisconsin 

In December 1980 the FHWA Wisconsin Division approved the 
State of Wisconsin's new procedure for design of traffic barriers, 
:including bridge railing and approach guardrail. The AASHTO guide 
is part of the procedure. The most current procedure, which is 
dated November 6, 1981, states that the Wisconsin Department of 
Transportation's standard practice is to not install guardrail on 
highways that have a current average daily traffic less than 300, 
including bridge approach guardrail. However, if it can be shown 
to be cost-effective, guardrail may be provided as an exception to 
this policy for the purpose of shielding serious hazards such as 
steep drop-offs, bodies of deep water, bridge ends on the outside 
of curves, or any road-side obstacle which has a significant acci- 
dent history. According to the procedure, it can generally be 
concluded from some recent research findings' that guardrail will 
not be cost-effective for highways having a c:lrrent average daily 
traffic less than 400. According to the FHWA bridge engineer in 

~Wisconsin, 
~dent data, 

the policy is based on the State's experience and acci- 

~evidence. 
with the recent research findings as collaborative 

~1 "Design and Traffic Control Guidelines for Low-Volume Rural 
Roads," NCHRP Report 214, John C. Glennon, Transportation 
Research Board, October 1979. 
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Tennessee 

The State of Tennessee has taken a different approach to Vis- 
consin's. According to the FHWA division bridge engineer, since 
the start of the expanded Federal bridge program, the State has 
begun to replace or rehabilitate many of their low-volume rural 
bridges. Oftentimes the State engineer finds that there are no 
plans in the near or distant future to upgrade the rural roads 
that approach these bridges. As a result, the State Department of 
Transportation and the FflWA division reevaluated the design cri- 
teria for these bridges. Part of the review was the AASHTO bridge 
rail specifications. The review showed that the specifications 
did not differentiate by nature of the highway over the bridge. 
That is, the specifications call for the same bridge rail regard- 
less of the average daily traffic or design speed of the road. 
The State designed a bridge rail that is below AASHTO specifica- 
tions but which the FHWA division and the State believe is equally 
as safe. The new rail is lighter material and the posts are 
spaced farther apart. Tennessee has limited the use of this new 
rail to bridges with less than 750 average daily traffic and 
design speed of 30 miles'per hour or less. The new standard was 
approved on September 1, 1982, and at the end of our review the 
new standard had not been applied to a project. The FHWA division 
bridge engineer told us he is comfortable with the new Tennessee 
bridge rail standard but would be extremely uncomfortable with the 
idea of eliminating approach guardrail if the bridge had railing. 

Hydraulic design 

Hydraulic design standards largely relate to the amount of 
water flow and the size of the opening under the bridge for the 
waterway. The requirement is commonly expressed in terms of flood 
year. For example, the bridge can be designed for the lo-year, 
25-year, 50-year, loo-year flood, and so forth. The SO-year 
flood, for instance, would be based on historical data and would 
indicate, on an average, the largest flood every 50 years at the 
bridge site. 

The choice of a design flood year can substantially influence 
the cost of the bridge. For example, a New Hampshire State engi- 
neer calculated that it costs 25 to 33 percent more to build a 
bridge for a loo-year flood rather than a 50-year flood. Con- 
struction to withstand a higher flood year generally increases the 
height and length of a bridge and, thus, the cost. 

According to State officials, New Hampshire generally designs 
bridges to withstand a.SO-year flood with a minimum of 2 feet of 
clearance below the bridge deck, but we also found that many times 
the State actually builds to the loo-year flooc1. As shown below, 
the State bridge engineer signifi.c.3ntly increased the waterway 
area needed beyond the 50-year flood requirement for three off- 
system and secondary bridges. According to a State official, the 
three bridges all met the loo-year flood requirement. 
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Town 
Old waterway 50-year flood New waterway 

opening waterway opening 
---------------(square feet)--------------- 

Amherst 137 150 265 

Brentwood 312 300 624 

Deerfield 150 155 262 

In contrast, Vermont builds off-system bridges to handle a 
25-year flood, on-system bridges for a 50-year flood, and Inter- 
state bridges to handle a loo-year flood. Exceptions have been 
made to these standards. For example, one federally funded off- 
system bridge was built for a lo-year flood because the amount of 
approach work required to raise the roadway to provide a larger 
waterway opening would have been extremely costly. According to 
State officials, it is less costly to let the roadway wash out and 
repair it after each flood. 

FHWA Iowa Division officials noted that there are not 
specific AASHTO standards for flood year. Iowa uses the SO-year 
flood as standard for paved roads and the 25-year flood for 
unpaved roads. This was established jointly by the Iowa Depart- 
ment of Transportation and the Iowa Natural Resources Council. 
This council has authority over flood standards under Iowa law. 

Until April 1981, the Kansas Department of Transportation 
used the 25-year flood standard if adequate overflow existed and 
the 50-year if not. In April 1981, FHWA published Hydraulic Engi- 
neering Cirular No. 17. They now use the risk analysis procedures 
described in this circular to establish flood-year requirements 
for each bridge rather than building to a standard. This effec- 
tively eliminates the need for exceptions to the flood-year stand- 
ards. Kansas will request approval from the FHWA division office 
for any bridge built to less than a lo-year flood level on the 
basis of these procedures. 

One very flexible approach to hydraulic standards is the low 
water crossing. A low water crossing is a bridge that is built 
slightly over the stream that it crosses with the understanding 
that during periods of high water, water will flow over and around 
the bridge and travelers may have to find an alternate route. Low 
water crossings generally cost about 10 percent of the cost of a 
standard bridge. An Iowa Department of Transportation official 
told us that some counties have been replacing deficient bridges 
with low water crossings rather than new bridges built to AASHTO 
standards. Other counties in the State have been reluctant to use 
them because of potential tort liability from accidents when water 
is over the bridge. The Iowa Highway Research Board commissioned 
a study which found that proper signing can reduce the risk of 
accidents and subsequent tort liability to an acceptable level. 
The Research Board is now in the first phase of a three-phase 
project to develop, test, and establish standard plans for use by 
the counties. FHWA's Iowa Division has encouraged the State's 
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use of low water crossings on low-volume unpaved roads. Kansas 
officials told us they do not expect to construct low water cross- 
ings with Federal funds. They said they recognize low water 
bridges that are defined in Kansas statutes, and then the bridges 
become eligible for bridge replacement funding. 

CONCLUSIONS 

Deficient off-system bridges are numerous and the magnitude 
of the problem is increasing. Federal bridge program funds are 
very limited in comparison. Thus, it is essential that the funds 
be used to replace or rehabilitate as many deficient bridges as 
possible. Building bridges to reduced standards can lower con- 
struction costs and allow more bridges to be built, but building 
to standards that are too low can cause safety problems, unreason- 
ably high maintenance, too short a bridge life, or an unattractive 
bridge. High standards may prevent these problems but they can 
add substantially to construction costs. Selecting appropriate 
standards to balance concerns for the overall bridge problem, 
safety, and initial and long-range costs of individual bridges 
is a difficult but important task if the bridge program is to 
effectively address the off-system bridge problem. 

We found, however, that Federal, State, and local officials 
disagree on what standards are appropriate for off-system 
bridges. State highway departments vary on how they apply na- 
tional standards to these bridges, and FHWA divisions vary in the 
exceptions to the standards that they approve. Local governments 
when using their own funds tend to build to local rather than na- 
tional standards, and these bridges cost much less than those the 
State highway departments build. The result is that the cost to 
replace a given off-system bridge can vary by thousands of dol- 
lars, depending on which State the bridge is in, who is paying for 
its replacement, and who makes the decisions on its design and 
construction. 

Less costly replacement and rehabilitation of deficient off- 
system bridges need greater attention at all levels of government 
if the bridge program is to make an inroad into solving the off- 
system bridge problem. This emphasis on economy, however, must be 
tempered by the need to ensure that safety and the bridge's life 
are not unduly compromised and long-range costs remain reason- 
able. The standards for off-system bridges replaced or rehabili- 
tated under the program, and their application by FHWA, State, and 
local officials, ought to provide for the replacement/rehabilita- 
tion of as many off-system bridges as possible that are safe and 
adequate, have a reasonable life, and do not require excessive 
maintenance. We believe that FHWA needs to establish a program 
policy on off-system bridges that provides further guidance to its 
offices and the States on off-system bridge standards. This guid- 
ance should take into account the size of the off-system bridge 
problem, the limited resources to address it, the nature of off- 
system traffic, local needs, and the likelihood of the roads the 
bridges are on being upgraded in the near future. This policy 
guidance should also address the conditions that warrant exceeding 
minimum AASHTO bridge standards and specific criteria for 
considering exceptions to build below the minimum standards. 
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RECOMMEMMENDATION TO THE SECRETARY 
OF TRANSPORTATION 

We recommend that the Secretary of Transportation direct the 
FHWA Administrator to provide further policy guidance to FHWA 
offices and the States on off-system bridge standards. The policy 
guidance should 

--provide for the replacement/rehabilitation of as many 
bridges as possible that are safe and adequate, have a 
reasonable life, and do not require excessive maintenance; 

--take into account factors such as the size of the off- 
system bridge problem, available resources, the nature of 
off-system traffic, local needs, and the likelihood of the 
roads being upgraded in the near future; and 

--include guidance on the conditions that warrant exceeding 
the minimum AASHTO bridge standards and specific criteria 
for considering exceptions to build below the minimum 
standards. 

AGENCY COMMENTS AND OUR EVALUATION 

DOT said that FHWA agrees with the concept of its head- 
uuarters office providing policy guidance on off-system bridges 
but disagrees with the detailed guidance we recommend. However, 
accordinq to DOT, FHWA's recent regional office reorganization and 
its ongoing review of its design and construction monitoring 
effectiveness will address our recommendation. FHWA anticipates 
that its review will result in significant changes that should 
improve the quality of the design and construction of federally 
funded highway projects. 

As shown in this report, FHWA needs to provide additional 
guidance to solve the dilemma of limited funds and numerous off- 
system bridges. We believe that FHWA's review of its monitoring 
effectiveness is a major step in that direction. We recognize 
that conditions at bridge sites can vary and some flexibility is 
needed in applying standards. These varying factors and the fact 
that decisions are made on a State-by-State basis point to the 
need for flexibility, but they also justify the establishment of a 
clear policy that establishes parameters for the standards off- 
system bridges are to be built to and provide guidance to the 
division offices and the States to help implement the policy. We 
believe that current guidance is too general to direct a program 
as large and as important as the bridge program, especially 
considering the wide range of views on what off-system bridge 
standards should be. These decisions have an impact on cost and 
possibly safety. The guidance we recommend would help ensure that 
the various factors that should be considered are appropriately 
considered when these decisions are made. 

With regard to geometric standards, DOT commented that the 
AASHTO guide for local roads and streets was definitely not 
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prepared with Interstate and Primary System highways in mind and 
that AASHTO is about to publish a new geonetric design guide for 
al.1 categories of roads. We agree that the current AASHTO guide 
was not prepared with Interstate and Primary System highways in 
mind. So.me highway officials have expressed concern that the 
standards, in general, were developed based on the principles 
used for Interstate and Primary highways and should not routinely 
apply to low-volume, local roads. The new AASHTO guide may 
alleviate these concerns. 

DOT said that the bridge rail/guardrail question for low- 
volume roads is not satisfactorily defined yet, but a number of 
researchers and AASHTO are working on it. According to DOT, an 
FHWA-funded research effort should answer many of the safety ques- 
tions soon. We recognize the difficulty of this issue. Tn our 
opinion, this (difficulty is more support for better guidance to 
FHWA division offices and the States on applying the standards. 

DOT said that different climate, topography, and road use 
characteristics throughout the TJnited States support different 
low-volume road standards in different States. In this regard, 
DOT said that FHWA e~;)ects its division staff to make decisions on 
design exceptions based on personal knowledge and evaluation of . . site co~~lItions, something which cannot be put into standards. 

We agree that engineering judgment and personal knowledge and 
evaluation are important and the many situations can never be com- 
pletely defined by standards or guidance. Policy guidance does 
not have to deal with every situation or dictate a particular 
decision for each site. It can provide direction Ear the program 
and establish the factors that should be weighed when making 
decisions. 

DOT stated that FHWA has offered extensive training to State 
highway agencies in economic (risk) analysis of hydraulic struc- 
tures and its program manual provides specific guidance on cost 
effectiveness in hydraulic structure design. DOT also stated that 
FHWA has an ongoing program to promote the use of such concepts 
and to offer technical assistance to the States when needed. 

DOT said that one result oE local governments building 
' bridges cheaper and to lower standards than those for Federal-aid 

projects is that they have a much shorter life span and a much 
greater percentage of safety deficiencies and most bridges must 
safely serve the public for 50 years or more. DC)T also said that 
local governments do not ordinarily have to abide by the Uniform 
ReloC?tic>n Act, the 1970 National Environmental Policy Act, and 
various other Federal requirements when they build a bridge with 
their own funds. DOT believes that this does result in cheaper 
project development costs and sometimes faster project completion, 
but the plrotection to the public provided by these provisions of 
Federal law is not provi(le1 &erl projects are undertaken by local 
governments. 

We dill not examine these Federal requirements in detail; 
however, we would anticipai:e that not following them would reduce 
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some project costs. However, a major reason for the difference in 
the cost of locally funded and federally funded bridges is in the 
type of bridge and the standards-- such as those for bridge width 
and approaches --that the bridge is built to. It should also be 
pointed out that off-system bridges are generally older and re- 
portedly have not been as well maintained. Also, deficiency is 
judged according to FHWA criteria and local governments ma- not 
agree with this assessment. For example, a narrow bridge would 
generally be considered deficient by FHWA, but local officials may 
consider it adequate for their needs. Possibly a more important 
consideration is that local governments are faced with many 
bridges needing replacement. We agree that local bridges should 
be safe and have .~n adequate life. The FHWA guidance on off- 
system bridges should take into account the impact of costs and 
lower standards on cost effectiveness. 

STATE COMMENTS AND OUR EVALUATION 

The Commissioner of the New Hampshire Department of Public 
Works and Highways commented that the current state of repair of 
bridges when weighed against projected revenue highlights a prob- 
lem of when should we "quick fix" and when should we make the "pr- 
udent investment." How do we accomplish the most with available 
resources? He said differentiating between the quick fix, prudent 
investment, and the in-between option is more easily critiqued 
than addressed on a project-by-project basis. The Commissioner 
also commented that our report could be construed to say that the 
State is blindly building the biggest bridges it can with no 
regard for cost effectiveness. 

The Commissioner points to a basic issue with regard to 
off-system bridges, that is, what is the best strategy for the 
Federal bridge program to address the off-system bridge problem? 
Of the States we examined, New Hampshire's off-system bridge proj- 
ect costs were the highest. Often its project costs were substan- 
tially higher than Vermont's, for example. The result is that New 
Hampshire is replacing very few deficient off-system bridges with 
available Federal bridge program funds, and it has many deficient 
off-system bridges. Nonetheless, we do not believe that New Hamp- 
shire is blindly building bridges without regard for costs. The 
cost differences are largely attributed to the type of bridge 
selected and the standards they are built to. The New Hampshire 
State bridge engineer believes that he is making cost-effective 
decisions by building the more expensive bridges. He believes 
these will last longer than the normal 50 years that bridges are 
designed for with less maintenance, and they will safely serve 
future traffic over an extended period. The other State bridge 
engineers also believe they are cost-effective in the designs they 
select and the standards they build to. The Vermont bridge engi- 
neer, for example, believes the bridges he builds will have a 
satisfactory life and the standards the bridges are built to are 
appropriate for off-system bridges. And he can replace more defi- 
cient bridges. We believe that it is important for this issue 
to be addressed. An important part of addressing the issue is the 
FHWA guidance that we are recommending. We are pleased that, in 
this regard, New Hampshire intends to review its overall position 
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with FHWA. 
not alone 

But, as illustrated in this report, New Hampshire is 
in being affected by this issue. 

The New Hampshire Commissioner also commented that our 
discussion of hydraulic design does little to examine whether or 
not there were overall project parameters relating to geometric 
and environmental considerations that also influenced or dictated 
bridge design. Our purpose was to illustrate the differences in 
how hydraulic design standards are applied in the various States 
rather than describe the detailed rationale for their varying 
applications. We did find another project in New Hampshire that 
was built for a loo-year flood but we did not include it in this 
report because the size of the waterway opening was determined by 
geometric considerations. 

The Director of the Iowa Department of Transportation com- 
mented that off-system bridge standards should vary from State to 
State. The Secretary of Transportation for the State of Kansas 
pointed out that AASHTO standards are in the process of being 
revised and are soon (estimated 1984) to become available. He 
said that with the new standards low-volume roads will be designed 
to local road standards instead of to collector or Federal-aid 
Secondary System standards. We agree that conditions can vary and 
the States need some flexibility whether under the current or new 
AASHTO standards. 
recommend can guide 

The FHWA guidance on off-system bridges that we 

flexibility. 
the program and allow the States sufficient 
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P II/ 
U.S. Doportmcmt at 
Transpwtatlon 

Awlslant Secretary 
for Admvwrat~on 

400 Seventh St SW 
WashIngton, 0.C 20590 

Mr. Oliver W. Krueger 
Associate Director, Resources, Community 

and Economic Development Division 
U.S. General Accounting Office 
Washington, D.C. 20548 

Dear Mr. Krueger: 

This is in response to your letter requesting Department of Transportation 
(DOT) comments on the General Accounting Office (GAO) draft report, 
“Federal Assistance for Off-System Bridges: Further Direction and Guidance 
Could Make It More Effective,” dated May 5, 1983. 

The GAO recommends that the Federal Highway Administration (FHWA): 

1. Establish a requirement that cost-effective, off-system bridges are 
to be built under the Federal bridge program. 

2. Establish a policy on cost-effective, off-system bridges that takes 
into account factors such as the size of the problem, available 
resources, the nature of off-system roads, and the basic 
requirement for adequate and safe bridges. This policy should 
include guidance to FHWA offices and the States on how bridge 
standards should be applied to meet this policy, with emphasis on 
the conditions that warrant exceeding the minimum standards and 
specific criteria for considering exceptions to build below the 
standards. 

3. Encourage the States to establish procedures to ensure that the 
various alternatives available for off-system bridges, including cost- 
saving innovations, are identified and appropriately considered. 

Although the FHWA sees no need for additional requirements for building 
more cost-effective off-system bridges, as recommended by the GAO, the 
agency is firmly committed to the principles of cost effectiveness. The FHWA 
will continue to cooperate with State and local governments and with other 
organizations to develop and disseminate information on new technology and 
innovations to build cost-effective structures. Furthermore, the FHWA is 
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currently conducting a comprehensive review of design and construction 
monitoring effectiveness which, when completed, should lead to significant 
changes in agency policy, procedures, and operations to improve the quality 
of design and construction of federally funded highway projects. 

If we can further assist you, please let us know. 

Sincerely, 

Enclosure 

~ fJ(LwtJ#& 
Robert L. Fairman 
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Feral Asshtmce for Dff-Systew Bridges: Further Direction 
ami Guidance Could Make It &we Effective 

Sumnary of General Accounting Office (GAO) Findings and RecMnendations 

me Federal Highway Administration (FHWA) and the States have made considerable 
efforts to reduce 01 :rall bridge costs and make bridge program funds more cost- 
effective. However, GAO examined the portion of the program for bridges off 
the Federal-aid highway system and found that opportunities still exist to 
further reduce costs and improve effectiveness. . 

To improve the cost-effectiveness of Federal assistance for off-system bridges, 
GAO recommends that the FHWA: 

1. Establish a requirement that cost-effective, off-system bridges 
are to be built under the Federal bridge program. 

2. Establish a policy on cost-effective, off-system bridges that 
takes into account factors such as the size of the problem, 
available resources, the nature of off-system roads, and the 
basic requirement for adequate and safe bridges. This policy 
should include guidance to FHWA offices and the States on how 
bridge standards should be applied to meet this policy, with 
emphasis on the conditions that warrant exceeding the minimum 
standards and specific criteria for considering exceptions to 
build below the standards. 

3. Encourage the States to establish procedures to ensure that the 
various alternatives available for off-system bridges, including 
cost-saving innovations, are identified and appropriately 
considered. 

Sumnary of Department of Transportation's (DOT) Position 

1. The FHWA believes that sufficient requirements are already in existence 
for the construction of cost-effective off-system bridges and additional 
requirements are not needed. The current provisions of 23 U.S.C. 109, 
Highways, and FHWA policies and procedures require that cost-effective 
bridges be designed for all Federal-aid projects. Efforts by the FHWA to 
emphasize this requirement are discussed below. 

2. The FHWA agrees with the concept of the Headquarters office providing 
policy guidance on cost-effective, off-system bridges. However, we do not 
agree with the detailed guidance recommended, especially for off-system 
bridges. The current procedure to review individual project sites for 
waivers to established system standards at the State's request is most 
appropriate in order tqevaluate the unique situation which exists at each 
bridge site. Current regional office reorganization and an ongoin FHWA 
review of design and construction monitoring practices will, we be 9 ieve, 
address the GAO recommendation. 
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3 . 

V W  concept  o f cost-effect iveness is basic  to  th e  fabr ic  o f F H W A . It is 
firm ly e m b e d d e d  in  th e  agency 's  p u r p o s e , p r o g r a m s , a n d  p e o p l e . T h e  recen t 
r eo rgan i za tio n  o f reg iona l  o ffices  resu l ted in  th e  te r m  cost-effective 
b e i n g  inc luded  in  th e  m ission a n d  func tiona l  sta te m e n ts o f th e  O ffices o f 
S tructures, E n g i n e e r i n g  a n d  O p e r a tions , a n d  P lann ing  a n d  P r o g r a m  
D e v e l o p m e n t. 

T h e r e  a r e  on ly  two reasons  to  h a v e  b r i dge  eng inee rs : 

A . T o  b e  su re  th a t b r i dges  a r e  safe. 

B . T o  b e  su re  th a t b r i dges  a r e  cost-effectively d e s i g n e d , constructed,  
a n d  m a inta ined.  

C u r r e n t m a n a g e m e n t rev iews by  th e  H e a d q u a r ters, reg iona l , a n d  div is ion 
o ffices  concen trate o n  b o th  safety a n d  cost-effect iveness in  b r i dge  des igns.  

T h e  F H W A  has  a  substant ia l  2  yea r  l ong  o n g o i n g  rev iew o f des ign  a n d  
construct ion m o n ito r i ng  e ffect iveness. T h e  results o f th is rev iew, wh ich  
involves al l  levels o f F H W A , wil l resul t  in  signif icant c h a n g e s  in  F H W A  
policy, p rocedu res , a n d  o p e r a tions  to  improve  th e  qual i ty  o f des ign  a n d  
construct ion o f federa l l y  fu n d e d  h ighway  projects.  Cost-ef fect iveness 
is a  m a jor  fo rce  dr iv ing th is rev iew. 

V a lue  e n g i n e e r i n g  pr incip les,  ava i lab le  resources,  a n d  p r o g r a m  d e m a n d s  
requ i re  th a t F H W A  b r i dge  eng inee rs  concen trate the i r  d e ta i led  rev iew e ffo r ts 

- o n  th e  m o r e  costly b r i dge  projects.  

T h e  F H W A  a g r e e s  th a t it shou ld  h a v e  a n  o n g o i n g  p r o g r a m  to  m a k e  S ta tes  a n d  
local  g o v e r n m e n ts a w a r e  o f n e w  techno log ica l  advances  a n d  i nnova tions  wh ich  
wil l resul t  in  m o r e  cost-effective structures. In  fact, th e  F H W A  d o e s  h a v e  
such  p r o g r a m s ; th e  D e m o n s trat ion Pro jects P r o g r a m , E x p e r i m e n ta l  Pro jects 
P r o g r a m , Im p l e m e n ta tio n  P r o g r a m , a n d  N a tiona l  H ighway  Insti tute a r e  vita l  
p a r ts o f th is e ffo r t. T h e  F H W A  div is ion a n d  reg iona l  structural  eng inee rs  
k e e p  cur rent  in  such  m a tters  a n d  actively p r o m o te  th e m . O n e  impo r ta n t 
func tio n  o f th e  F H W A  H e a d q u a r ters  B r i d g e  Division, is to  p rov ide  
g u i d a n c e , assistance, a n d  p r o m o tio n  o f th e s e  e ffo r ts F H W A  w ide . 

W e  wil l con tin u e  to  c o o p e r a te  a n d  work  with S ta te  a n d  local  g o v e r n m e n ts a n d  
with o th e r  o rgan i za tions  to  deve lop  a n d  d isseminate  in format ion o n  n e w  
techno logy  a n d  i nnova tions  to  bu i ld  cost-effective structures. 

Speci f ic  D O T  C o m m e n ts Re la te d  to  G A O  Conc lus ions  a n d  O b servat ions 

S ta te  a n d  local  G o v e r n m e n ts Invo l vemen t ( P a g e  1 1 )  

T h e  D O T  a g r e e s  th a t " S ta te  a n d  local  g o v e r n m e n ts wil l h a v e  to  d o  m o r e  o n  the i r  
o w n  to  b e tte r  add ress  th e  o ff-system  b r i dge  p r o b l e m ." In  a n  e ffo r t to  assist 
local  g o v e r n m e n ts to  m o s t e ffect ively use  ava i lab le  resources,  th e  F H W A  is 
p r e p a r i n g  a  t ra in ing course  title d , 
B r i dges ," 

"Workshop  o n  Rehabi l i ta t ion o f Exist ing 
u n d e r  th e  prov is ions o f th e  Rura l  T ranspo r ta tio n  Assis tance P r o g r a m . 

This  t ra in ing wil l b e  o ffe r e d  to  local  g o v e r n m e n ta l  o fficia ls th r o u g h o u t th e  
N a tio n  in  Fiscal Y e a r  1 9 B 4  a n d  b e y o n d . It wil l  stress eva lua tio n  a n d  cost- 
e ffect ive rehabi l i ta t ion o f exist ing br idges.  
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Long Span Culverts (Page 2 1) 

Long Span Culverts are indeed 
good percentage of: locat@. 

a viable alternative to conventional bridges at a 
HOW@veF, there have been a flUII&r Of failures Of 

these structures auring tne past decade or so. The recent Antwerp, Ohio, failure 
and resultant five fatalities are one example. These structures require detailed 
design and construction control supervision. They should not be constructed 
without a knowledgeable engineer on the project. 

Having an Armco engineer cstlmate what a Superspan Culvert would cost at a 
given location tends to result in a low estimate. Cnly actual bids received 
will tell true costs. 

In some cases where they have been bid as alternates to conventional bridges, 
the conventional bridge has been bid at a lower cost. Concrete box culverts 
are many times just as cheap or cheaper. 

Long Span Culverts have specific site limitations. 

1. They need adequate headroom to provide minimum cover. 

2. They do not always provide adequate freeboard to allow debris to 
pass through during floods. 

3. In some soil conditions, their life span can be very short. (Acid 
soils in coal mining areas for example.) 

Standard Plans (Page 28) 

Any bridge project should be engineered. For maximum cost-effectiveness, a 
qualified engineer should: 

1. Design the superstructure. 

2. Evaluate the hydrology and hydraulic needs of the site. 

3. Evaluate the foundation requirements at the site. 

Standard plans can often be used without compromising the first requirement, 
but the last two require engineering evaluation at virtually every bridge to 
meet both cost-effectiveness and safety requirements. 

Geometric Standards (Page 37) 

The current applicable American Association of State Highway and Transportation 
Officials (AASHJO) Guide for most off-system projects is the "Geometric Design 
Guide for Local Roads and Streets." The publication was definitely not prepared 
with Interstate and Primary System highways in mind. After more than 7 years 
of effort, AASHTO is about to publish a new Geometric Design Guide for all 
categories of roads. It can be approved as soon as October 1983. 

The bridge rail/guardrail warrant question for low volume roads is not 
satisfactorily defined yet. But a number of researchers and AASHTO are working 
on this. A comprehensive FHUA funded research effort should define and answer 
many of the roadside safety questions soon. Mile some engineers may consider 
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a 300 average daily traffic breakpoint for bridge rail cost-effectiveness, 
current research does not necessarily support it. The National Cooperative 
Highway Research Program Report 239 authors indicate the breakpoint is about 80, . 
provided that the consequences of running off the bridge are not severe. 

Different climate, topography, and road use characteristics throughout the U.S. 
support different low volume road standards in different States. 

The FHUA expects Division Administrators and their staff to make decisions On 
design exceptions based upon personal knowledge and evaluation of site 
conditions; something which cannot be put into standards. Engineering judgment 
must be applied to the wide plethora of situations which will never be 
completely defined by standards. 

Hydraulic Design (Page 53) 

The FHWA has offered extensive training to State highway agencies in eCOnmiC 
(risk) analysis of hydraulic structures. Federal-aid Highway Program Manual 
6-7-3-2 dated November 30, 1979, provides specific guidance on the need for and 
application of cost-effectiveness in hydraulic structure design. 

The AASHTO Highway Drainage Guides, Volume 7, 1982, contain specific guidance to 
the effect that a balance of structure costs, inconvenience or risk costs to the 
public and the resultant flood frequency accommodated should be struck when 
designing hydraulic structures. 

The FHUA has an ongoing program to promote the use of such concepts and to offer 
technical assistance to States when needed. 

Locally Funded Bridges (Page 29) 

The current Report to Congress on the Highway Bridge Replacement and Rehabilitation 
Program shows one result of local governments building bridges cheaper and to 
lower standards that for Federal-aid highway projects. They have a much shorter 
life span and a much greater percentage of safety deficiencies. Most bridges must 
safely serve the public for 50 years or more. 

Local governments do not ordinarily have to abide by the Uniform Relocation Act, 
the 1970 NEPA requirements, Equal Opportunity, or various other Federal require- 
ments when they build a bridge with their own funds; this does result in cheaper 
project development costs and sometimes faster project completion. However, the 
protection to the public provided by the environmental, equal opportunity, and 
real estate acquisition provisions of Federal law are not provided when projects 
are undertaken by local governments. 

. 

GAO NOTE: Page references have been changed to agree with 
the final report., 
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KANSAS DEPARTMENT OF TRANSPORTATION 
. J 

JOHN B. KEMP, !hcmlrry of lhnrportatlon JOHN CARLIN, Governor 

May 25, 1983 

Mr. Oliver W. Krueger, Associate Director 
Resources, Community, and Economic 

Development Diviaion 
U. S. General Accounting Office 
441 G. Street, N. W. - Room 4903 
Washington, D. C. 20548 

Dear Mr. Krueger: 

A copy of your draft report entitled “Federal Assistance For Off-System 
Bridges: Further Direction And Guidance Could Make It More Effective”, has been 
reviewed by the Kansas Department of Transportat ion (KDOT). We feel that the 
report is thorough and covers the off-system bridge problem. However, we have 
several concerns with the report and offer the following comments: 

1. Bridge Definitions (p.2). In Kansas, Statutes classify bridges to be 
structures over 20 feet in length. Twenty-foot long structures are not 
cons idered bt idges , 

2. Cost Effect ivenes-s (p.5-6). We feel that the designs we have selected 
fulfill the requirement of an adequate facility that will produce the 
lowest costs over the entire life of the structure when maintenance 
costs are included, Composite design in steel bridges is an example of 
our concerns. Ae you note on p. 6, the use of composite design on all 
steel bridges may reduce the initial cost. However, we are concerned 
that more expensive repair costs may occur during the structure’s 
useful life. 

Formal value engineering studies may help to optimize the value of each 
dollar spent. Lncreaaed staff demand is an associated cost trade-off 
that would occur. Therefore, these studies should be utilized only on 
high cost projects, 

3. Bridge Design Evaluations (p.7-8). There are many difficulties in 
determining optimal bridge designs (p.7). Bridge designs, whether for 
large or small structures are evaluated on the basis of our experience 
gained from the many types of structures built both with and without 
Federal funds. 

The use of a stable group of extremely qualified engineers specializing 
in this area produces results not inconsistent with those that would 
result from a more formal procedure. Your obeervat ion of our excellent 
results (p.8) providing less expensive structures is appreciated. The 
existence of formal procedures will become more desirable to us as we 
begin to experience staff turnover. 

, 
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Hay 25, 
Page 2 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1983 

Short Span Bridge Decrign (p.9). The second paragraph should be correct- 
ed to read “Cast in place concrete slab or precast prestressed bridges 
are usually used on the longer multi-span structures”. The last 
sentence should read “..... but they do not do this when the cost is 
considered to be nearly equal for a structure type which the county may 
prefer”. 

We are also concerned that the last sentence of the last paragraph 
implies that the main consideration for design selection is working 
relationships with counties; this is one consideration. 

Innovative Technology (p.10). KDOT will be observing long span culverts 
(built wrth local funds) constructed of steel and/or aluminum to 
compare their life with that of concrete. Currently, we utilize mostly 
concrete box structures. If favorable results are observed in the use 
of long span culverts, we will re-evaluate our position. 

Force Account Labor (p.15). KDOT is revising its procedures as a result 
of the 1982 Surface Transport at ion Assistance Act. Counties will not be 
able to construct small structures by negotiated contract, but where 
cost effective, may do construction by the force account method. 

Alternate Design (p. 15). Kansas considers alternate designs on all 
expensive projects. We suggest that it might be appropriate to provide 
alternate designs whenever the structure is estimated to cost more than 
$1 ,ooo,ooo. 

We also suggest that alternate designs to steel always be considered in 
the design process due to the current steel price. However, complete 
plans for alternate designs (for both steel 6 concrete) in this case 
are rarely necessary. 

Value Engineering (p. 16). We consider value engineering to be a “tool” 
that could be recoumended for use on high cost structures or bid items. 
Its use should not be required for all bridges, as this would only 
require additional paperwork and lead time. Certain aspects of the 
value engineering procedure are used in normal project development. 

Standards (p. 18). Nat ional (AASHTO) Standards are in the process of 
being revised and are soon (estimated 1984) to become available in the 
new “Purple Book”. The Purple Book provides standards by functional 
clarsification. Low volume roads will soon be designed to Local Road 
Standards instead of to collector or FAS standards. 

Expense With Federal-aid (p.19). We too have heard that federal aid 
projects cost units more than doing the projects themselves. However, 
we have been unable to document this. KDOT gives consideration to each 
site’s hydraulics, ADT, safety, county needs, etc., such that the 
structure selected will provide appropriate service for its design 
life. 
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May 25, 
Page 3 

11. 

12. 

13. 

1983 

Geometric Standards (p.19). In Kansas, geomet ric design guidelines for 
FAS and of f-system bridges were jointly adopted by counties and KDOT, 
and approved by the FHWA. 

Bridge pai.l/Guardrail (p.21). KDOT has not requested exceptions to 
brrdge rail. KDOT has omit ted approach guardrail at the request of a 
county and after a cost effective analysis has been performed and 
just if ied an omission. 

Low Water Crossings (p.25). Kansas does not expect to construct low 
water crossings with Federal funds. We recognize existing low water 
bridges that are defined in Kansas Statutes, and thus they become 
eligible for Bridge Replacement funding. We have used an RCB as a 
vented ford in conjunction with a grading and paving project. 

We have appreciated the opportunity to coament on your report. We feel your 
comments were in general, favorable to the procedures we are using in Kansas to 
develop our FAS and off-system bridge projects. 

If we can be of additional service or if you have other questions, please 
cant act me or Raymond E. Olson in the Bureau of Rural and Urban Development. 

Sincerely, 

JOHN B. KEMP, P. E. 
Secret aty of Transport at ion 

JBK:REO:dh 

(X0 Note: The page rcferencer refer to the draft report slrpmary provided Kansas 
for c-ant. All of the above camrents axccpt for numbers 8, 10, and 
11 have been incorporated into the report. We did not believe changes 
in response to these comumtr were necessary. The Kansas Department of 
Transportation’s general view8 on value engineering for off-system 
bridges are already contained in the report. Also, none of the ewmplea 
that we developed on locally funded versus Federal-aid bridges were in 
Kansas, and the report recognizes that the State believes that it de- 
signs cost-effective bridges based on coemnent nunber 2. In addition, 
the report doer not take issue with the Kansas counties’ involvement 
in developing the geometric design standards. 
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.IUHS 0 YORTOS H~ILI)IS‘C, 
. COSCURD. h’ H OR301 

OUver W. Krueger, Associate Director 
Resources, C-ty and Dconomic 

Development Division 
U.S. General Accounting Office 
441 G StrOet, N.W. - Room 4903 
Washington, D.C. 20548 

Dear Mr. Krueger: 
Subject: Federal Assistance for Off-System Bridges: 
Further Direction and Guidance Could M&e It More Effective 

The Department has no issue with the basic thesis (or what we believe to be 
the basic thesis) of the subject report. Certainly, the current and warranted 
concern with the state of repair of the so-called "intra-structure" when weighed 
against projected revenue highlights a problem: When should we "quick fix" and 
where should we make the "prudent investment"? How do we accomplish the most 
with available resources? 

Current growth studies for the Northeast project a 70% growth in New H-shire 
in the next 17 years. (The year 2000). Consequently, differentiating between the 
"quick fix", the "prudent investment" an3 the in-between option is more reatiiy 
critiqued than addressed on a site-by-site basis. In New Rmohire, narrow dLrt 
roads can turn into housing developments overnight. 

Old exam@es of several of the deticn alternatives you suggest can be found 
throughout the State: Approach grades desired to Rccommodatc overflow at flood 
stage and minimize structure cost, inadequate (nzrrow) geometry and lack of pro- 
vision for pedestrians have generated safety issue s with the public on both State 
and Off-State Systems. 

A bridge has a projected 50 year 1lfe but with present design technology snd 
material controls, there is a strong potential fcr a 75 to 100 year life given 
reasonable maintenance an3 loading control. In light of the investment and the 
possible life, it certainly is logical to reqtire serious address to the potential 
service demands on the structure. 

, 2ha preceding is not intended as "justlficationti of where we are. It is ln- 
~ tended to indicate that the problem may not be as readily resolved as your report 
I would indicate. 
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We have additional comments: 

1. There is no question concerning your obvious conclusion that a long 
span culvert is less costly than a bridge. However, it should also be noted 
that the disparity in the estimates you cite may be aggravated by the market- 
ing zeal of the representatives of the private sector with whom you talked. 
We question that the “alternative” estimates recognize environmental consider- 
ations, Davis-Bacon, standard specifications, construction methods, full-time 
construction inspections and the miscellaneous “boiler plate” that are all 
cost factors in any Federal-aid project. 

2. We believe that the diverse professional backgrounds of your people 
verses ours has not provided the best basis for good communication. Many 
of the engineering considerations that are factors in deciding what type of 
bridge should be constructed at a given site are not addressed. We believe 
that this Is because they were not recognized or understood. 

3. Your bleak citation of waterway openings does little to exsmine whether 
or not there were overall project parameters relating to geometric (roadway 
grades) and environmental considerations that also influenced, or dictated, 
the bridge design. 

4. We do not belleve that your first paragraph on page 8, accurately re- 
flects the design process, nor do we believe that the Bridge Engineer has 
“--no incentive other than to build the best bridge”. The Bridge mincer 
is guided by a general policy that seeks the most cost effective bridge for 
the life span of the facility. 

In summary your report could be c?natrued to say that New Hampshire is blindly 
building the biggest bridges it can with no regard for cost effectiveness. We do 
not believe that is a fair appraisal. 

We do share your Interest in making every effort to carry out the bridge re- 
placement mission in the most cost effective manner possible. To that end, we 
Intend to revI& our overall position with the Federal Highway Administration. 

JAC/ab 

GAO Note: All of the above cements have been incorporated into the report except 
for number 2. We recognite the many engineering conriderations that are 
factorr in deciding whet type of bridge rhould be built at a given site. 
All the States must consider these factors. We also appreciate the 
difficulty of these decisions, considering that bridges must be designed 
to meet future needs over a relatively long life. However, we did not 
believe it necessary to describe these engineering considerations in 
detail in this report. 
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Iowa Department of Transportation 
800 Lincoln Way, Ames, Iowa 50010 515-239-11 1 

May 24, 1983 

Mr. Oliver W. Krueger 
Associate Director 
Resources, Community t Economic Development Div. 
U.S. General Accounting Office 
441 G Street, N.W. - Room 4903 
Washington, D.C. 20548 

Dear Mr. Krueger: 

SUBJECT: Draft Report Entitled "Federal Assistance for Off-System 
Bridges: Further Direction and Guidance Could Make It More Effective." 

I appreciate the opportunity to review the draft due to its impact on 
those states involved in your survey and the off-system bridge funding 
program. There are several problems with the material presented in the 
draft report. It would be totally inappropriate to allow public 
officials to base funding decisions on the data as it is presented. The 
conclusions drawn would point toward more national standards, federal 
control and higher costs, rather than local control and cost effective 
savings consistent with your concerns. The use of selected sections of 
this document by the news media would distort the facts and point the 
way to improper conclusions. 

The following proposed changes would correct many of the errors and 
omissions in the draft report materials. 

1. Page 2, Paragraph 1 - The FHWA and the Secretary's 
discretionary bridge fund authority does not apply 
to the general bridge replacement fund and 
procedures. This reference should be removed. 

2. Page 3, Paragraph 2 - States also fund the 
construction or replacement of bridges over 20 feet 
in length with state funds. This may occur when 
the state's federal fund allocation has been 
depleted or the bridge fails to meet funding 
criteria. The paragraph seems inappropriate in a 
discussion of off-system bridges. 

3. Page 3, Paragraph 3 - The use of two Iowa counties 
for assessing the use of federal-aid bridge funds 
is misleading. The statement may be true but it 
leads the reader to make a similar conclusion about 
97 other Iowa counties. It also fails to give the 
specific reasons why the counties had not used 
local funds and fails to state what bridges, if 
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Mr. Oliver W. Krueger 
May 24, 1983 
Page 2 

any, had been built during the time period. The 
specific details often provide clear reasons for 
monetary decisions. 

The statement regarding Iowa and Kansas county 
bridge replacement requires clarification. What 
were the local conditions - such as bridge length, 
ease of construction and service - to be provided 
by these bridges? !:'hat funding sources were 
utilized? 

4. Page 5, Paragraph 1 - Cost effective guidance may 
not be written in each FHWA manual but division 
staff and state officials are constantly reviewing 
bridge plans for ways to stretch the use of 
available funds and maximize both safety and 
service. It is often referred to as "good 
engineering judgment." This is well stated at the 
end of paragraph 2 on page 5. 

5. Page 6, Paragraphs 2 and 3 - The material centers 
on initial construction savings only. Life cycle 
costs provide a more realistic analysis for state 
and local officials. The federal government does 
not fund routine maintenance. The bridge owners 
must consider initial cost, safety, service and 
maintenance costs in the design of the bridge. 
These decisions are part of every design thought 
process but are not documented just to fill files. 

Both the state and county accepted the redesigned 
prestressed concrete beam bridge identified in 
paragraph 3. 

6. Page 7, Paragraph 2 - Formal procedures do not 
insure that cost effective bridges are built. Life 
cycle cost analysis and cooperation between local, 
state and FHWA personnel will provide the best 
answer to the bridge problem. State-level 
decisions can address local conditions. FHWA 
review provides the continuity across state and 
county lines and allows for technology transfer 
across the country. 

7. Page 9, Paragraphs 1, 2 and 3 - The data is correct 
but it is presented in a very poor manner 
portraying a negative approach to the reader. A 
cost effectiveness determination is routinely made 
by the bridge engineer as part of the planning 
process and design review. The reviews are 
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8. 

9. 

10. 

11. 

discussed verbally between the brjdge engineer and 
bridge owner and result In many changes being made 
In initial designs. The bridge engineer's 
statewide experience removes the expensive process 
of preparlng several designs for each bridge. 
Local response to suggested changes has been very 
good when conducted fn such a manner. Written 
comnents are only used when the differences cannot 
be resolved verbally in the planning process. 

The ffnal dlspositlon of changes recomnended for 
the 12 bridges in paragraph 2 is unclear. One must 
understand why certain recommendations were not 
made or rejected before leaving a reader with the 
idea Iowa is not Insuring cost effectiveness. 

Iowa law and Department of Transportation policies 
do give the local governments considerable 
authority in local bridge construction decisions. 
Flnal funding with federal funds is vested in the 
Iowa DOT Comaission. It can act as an aid in 
resolving design cost effectiveness problems. 

Page 10, Paragraph 3 - Long-span culverts are not 
cost effectfve where material costs are prohibitive 
or soil and water conditions provide for rapid 
deterioration of metal surfaces or cannot maintain 
stable flow lines. Life cycle costs must be 
consldered in any design. 

Page 13, Paragraph 3 - Iowa has provided standard 
plans to counties for over 60 years. The 
Department is continually looking at ways to update 
and improve those standards as the technology 
changes. The Iowa Highway Research Board is 
currently involved in such an effort. 

Page 14, Paragraph 3 - The first sentence is 
incorrect and should be deleted from the report. 
Many counties do have qualified bridge construction 
personnel. Bfds are required on work in excess of 
$40,000 to Insure cost effectiveness. Local 
governments can compare thefr costs to those of the 
contractor and make the most effective use of 
public funds. 

Page 15, Paragraph 2 - It is questionable whether 
complete alternate designs are cost effective on 
single-span local bridges. The savings can accrue 
through predeslgn discussions and a single 
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12. 

13. 

14. 

15. 

design. Multi-span structures may provide some 
savings In alternate designs but proper planning 
can achieve slmllar results. This Is why "type, 
size and location" (TSL) studles are made by the 
Department. These ideas are properly conveyed in 
paragraph 2 on page 16. 

Page 16, Paragraph 4 - Where have turnkey projects 
been developed and what are the benefits? 

Page 18, Paragraph 2 - Standards should vary from 
state to state on off-system bridges. Their 
purpose Is to provide local service needs. 

Page 22, Paragraphs 1 and 2 - The entire paragraph 
should be changed for clarity. Iowa has requested 
and received approval for exceptions dealing with 
floodplalns on new constructlon and brldge width or 
rehabilitation projects. The state Is currently 
not approvlng exceptions in approach guardrail 
construction, as per federal guidelines. This is 
an area that the Department and the FHWA division 
offfce are continuing to explore. Future decfsions 
on the subject must weigh the trade-off of 
construction and maintenance costs versus tort 
claim costs. 

Page 27, Paragraph 3 - The three phase low water 
crossing project is being developed by the Iowa 
Hlghway Research Board rather than the Department. 

I would appreciate your consideration In making the noted changes to 
develop a useful report. 
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A P P E N D IX  IV  A P P E N D IX  IV  

G A O  N O T E : T h e  p a g e  re fe rences  refer  to  th e  draft  repor t  s u m m a r y  
p rov ided  th e  Io w a  D e p a r tm e n t o f Transpor ta t ion  fo r  com-  
m e n t. A ll o f th e  a b o v e  c o m m e n ts h a v e  b e e n  incorpora ted  
into th e  repor t  excep t fo r  th e  overa l l  c o m m e n t a n d  n u m -  
bers  1 , 7 , a n d  1 2 . W ith  rega rd  to  th e  overa l l  c o m m e n t, 
th e  repor t  recogn izes  th e  n a tu re  o f o ff-system  b r idges  
a n d  Federa l -S ta te  re la t ionsh ips  wi th rega rd  to  a d m i n ’is- 
te r ing  th e  p r o g r a m . W e  h a v e  n o t conc luded  or  recom-  
m e n d e d  a  c h a n g e  in  th a t re la t ionsh ip  o r  m o r e  n a tiona l  
s tandards  a n d  Federa l  c o n trol excep t to  th e  lim ite d  
extent  th a t w e  be l ieve  s o m e  add i tiona l  F H W A  di rect ion 
a n d  g u i d a n c e  w o u l d  b e n e fit th e  p r o g r a m . Th is  overs ight  
w o u l d  n o t invo lve  pro ject -by-pro ject  invo lvement  o r  
rev iew.  

T h e  re fe rence to  th e  d iscret ionary  p r o g r a m  is i nc luded  
in  th e  in t roductory c h a p ter  as  b a c k g r o u n d . P a r t o f th e  
p r o g r a m  fu n d s  a re  des igna te d  fo r  d iscret ionary  pro j -  
ects, a n d  th is  was  ou r  r eason  fo r  m e n tio n i n g  th is  par t  
o f th e  p r o g r a m . W ith  rega rd  to  c o m m e n t n u m b e r  7 , th e  
repor t  is m a k i n g  th e  po in t th a t th e  S ta te  b r i dge  eng i -  
nee r  cou ld  h a v e  or  d id  r e c o m m e n d  m o r e  cost-effect ive 
des igns  th a t we re  n o t u s e d . W e  d id  n o t be l ieve  it nec -  
essary  to  d iscuss al l  th e  reasons  why  th e  m o r e  cost-  
e ffect ive des igns  we re  n o t u s e d . W e  a g r e e  th a t th e  
Io w a  D O T  Commiss ion  cou ld  act as  a n  a id  in  reso lv ing  
des ign  cost-ef fect iveness p rob lems  if th e y  a re  b r o u g h t 
to  its a tte n tio n . D a ta  o n  tu rnkey  pro jects  we re  n o t 
p rov ided  to  Io w a  fo r  c o m m e n t b e c a u s e  n o n e  o f th e  
examp les  w e  p resen t in  th e  repor t  we re  in  Io w a . 
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STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

133 State Street, Administration Building 
Montpelier, Vermont 05602 

May 16, 1983 

Mr. Oliver W. Krueger, Associate Director 
Resources, Community, and Economic 

Development Division 
U.S.General Accounting Office 
441 G Street, N.W. - Room 4903 
Washington, D.C. 20548 

Dear Mr. Krueger: 

We have reviewed the draft report entitled "Federal Assistance 
for Off-System Bridges: Further Direction and Guidance Could Make It 
More Effective". In general we concur with that portion of the report 
which was forwarded to us, but we do have the following specific 
cofmnents: 

1. Page 6, The States and Cost Effectiveness, 4th sentence. 
We believe the fact that we use a variety of structures 
for spans of any given length proves that Vermont does 
make cost comparisons between different types of structures. 
Therefore, even though our files may not have been well 
documented, we consider this statement to be untrue relative 
to Vermont. 

2, Page 7, State Procedures, Vermont. The first sentence of 
this paragraph intimates that because Vermont "does not have 
formalized, systematic procedures or a written policy..." 
cost effective bridges are not built. This is not a true 
statement because we consider cost effective design to be 
an integral part of the design process, thereby not needing 
a separate written policy. Our review process insures that 
cost effective designs are obtained. The second paragraph 
again makes the same negative statement. We do have the 
process to insure that less expensive designs are considered, 
despite the fact that the auditors did not see a written 
policy. 

3. Page 11, Paragraph 3, 2nd sentence. This is not a true 
statement. In fact, one of the projects reviewed by the 
auditors, Concord BRZ 1447(2), used a corrugated galvanized 
metal plate pipe arch with a span of 20'-7" and a rise of 
13'-2". We also request that the reference to the Essex 
Junction, Vermont, railroad project be eliminated. This was 
a private project using no State or Federal funds and there- 
fore should not be a part of a report on Federally funded 
Off-System Bridges. 



' APPENDIX V APPENDIX V 

Oliver W. Krueger 
May 16, 1973 
Page 2 

4. Page 14, Various Management Techniques Can Reduce Costs. The 
first sentence is a judgement, not a statement of fact, and 
therefore should not be a part of this report. It is our 
opinion, based on experience with consultant designs on Off- 
System projects, that the so-called turnkey system would not 
be a good way to reduce construction costs on Vermont projects. 

If you have any questions concerning these comments, please 
contact our Structures Engineer, Warren Tripp, at (802)828-2621. 

PJG:WBT:kg 

GAO Notor The pege references refer to the daft report sumury provided 
the Varmont Qency of Trenrportetion for comnent. All of the 
l bove camaentr heve been incorporeted Into the report except 
for the request not to refer to the Essex Junction project. 
The report pointr out that the project wea not federally funded. 
It ir en exmple of how Long-spa culverts heve been ured in 
Vermont. 

(342740) 
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